
Q

log NHOd AAI'IlOVd

I SID 63-1416-6

PROJECTAPOLLO
FLIGHT-TEST REPORT

BOILERPLATE 22
(u)

NAS9-150

August 1965

:'iiI_

1

II



@ • • • •

@11 @@@ @11

CLASS_IFICAT!O,u,{HAHEI1

U tL ,S JFIE[I
ol tl ,,,

Accession No, 08282-65

1

August 1965

SID 63-1416-6

PROJECTAPOLLO
FLIGHT-TESTREPORT

BOILERPLATE22
(u)

NAS9-150

Exhibit I, Paragraph 5.11

NORTH AMERICAN AVIATION, INC.
SPACE and INFORMATION SYSTEMS DIVISION



:.::NORTH AMERICAN I I _,C', _P_CE tt_d_-_lATION SYSTEMS DIVISION

t

ACCESSION NUMBER

TECHNICAL REPORT INDEX/ABSTRACT

j IDOCUMENT 'SECURITY CLASSIFICATION "[ Unclassified [

TITLE OF DOCUMENT

._o_.vj___ ..Apo11_.........._'light-T_ st _W.eport, Boilerplate 2Z

AUTHOR(S)

NAA/SID Apollo Engineering

CODE [ORIGINATING AGENCY AND OTHER SOURCES

[ NAA/SID Apollo Engineering

[ System Engineering
I Test Evaluatil)n Unit. D/69Z-405

PUBLICATION DATE CONTRACT NUMBER

August 1965 NAS9-150

LIBRARY USE ONLY

DESCRIPTIVE TERMS

Test

Flight Te st

Apollo Te st

Boilerplate 2Z

Apollo Mission A-003

ABSTRACT

The purpose of Apollo Mission A-003 (BP-ZZ) was to demonstrate the

high-altitude abort capability of the Apollo launch escape vehicle.
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occurred earlier than planned. The launch escape vehicle demonstrated
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FOREWORD

This report contains postflight engineering

analyses of the data obtained from the Boilerplate ZZ

flight test and is intended for distribution primarily
within _T,_AA-SID.

The only distribution of this report outside NAA
will be to the ASPO Test Evaluation Branch of

NASA-MSC-as reference material for use in

preparation of the NASA-MSC Supplement to the

Postlaunch Report for Apollo Mission A-003 (BP-22).

The definitive evaluations of the BP-ZZ flight test

are contained in the NASA-MSC Postlaunch Report

for Apollo MissionA-003 (BP-22) (MSC-A-R-65-Z)

and supplements thereto which have general

distribution.
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National Aeronautics and Space Administration

Range

Range and Zero

Reaction Control Subsystem

Service Module

Small Missile Range

Voltage-Controlled Oscillator

White Sands Missile Range

Wind Tunnel

LETTER SYMBOLS

Symbols for Primary Concepts

a

A

C

dB

Do

F

g

h

I

Linear acceleration

Cros s-sectional area

Coefficient

Decibel

Nominal parachute canopy diameter

Thrust

Unit of gravitational acceleration

Altitude

Moment of inertia
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LETTER SYMBOLS

Symbols for Primary Concepts (Cont)

M

P

P

q

q

r

S

_U

t

T

V

X

Y

Z

E

q

e

+

Mach number

Body roll rate

Pres sure

Dynamic pressure

Body pitch rate

Body yaw rate

Reference area

Total parachute canopy cloth area

Time

Time at liftoff

V elocity

Longitudinal axis

Lateral axis

Transverse axis

Angle of attack

Angle of sideslip

Flight path angle

Thrust-vector alignment angle

Load factor

Pitch angle

Roll angle

Yaw angle

xix
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Symbols for Subscripts

a

A

b

B

C

cg

G

i

L

max

0

P

S

t

TAIL

X

Y

Z

o0

Action time

Vehicle X station reference system

Burning time

Body axis system

Command module axis system

Center of gravity

Ground axis system

Ignition

Local Conditions

Maximum

Standard sea level condition

Pressure

Service module coordinate system

T otal

Tailoff

Referred to X axis

Referred to Y axis

Referred to Z axis

Freestream conditions
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I. 0 SUMMARY

The purpose of Apollo Mission A-003 was to demonstrate satisfactory

launch escape vehicle performance at an altitude approximating the upper

limit for the canard subsystem. The main purpose of the mission was not

fulfilled, however, because of the fact that the Little Joe _ launch vehicle

broke up as a result of excessive roll rate shortly after liftoff. Consequently,

although the launch escape vehicle aborted successfully, the mission objec-

tives which were related to the high-altitude aspects of the flight were not

achieved.

Liftoff from White Sands Missile Range launch pad ALA-3 (Launch

Complex 36) occurred at 06:01:03. 913 MST on May 19, 1965. Launcher

elevation was 84 degrees and azimuth was 356 degrees. Approximately

5 seconds after liftoff the launch vehicle started rolling, increasing its rate

of roll until structural failure of the launch vehicle occurred. The abort

sequence was initiated automatically by a break in the hot-wire initiation

system at T + Z6.3 seconds.

Despite the unscheduled nature of the abort, it was entirely successful.

Short-term and long-term separation distances were satisfactory. Post-

flight simulations made on the basis of the actual abort conditions showed

good agreement with the flight. Aerodynamic and stability parameters for

the flight regime flown were verified after one minor adjustment in value.

Because the launch escape vehicle was spin-stabilized by its high rate

of roll, the canard surfaces did not produce enough pitching moment to

effect vehicle turnaround. This anomaly was verified by simulations, which

showed, however, that turnaround would have resulted at the EDS limit of

Z0 degrees per second in roll.

The jettison sequences and miss distances for both the launch escape

subsystem and the forward heat shield were satisfactory. Earth landing

subsystem operation and performance were as planned. Two of the drogue

parachute reefing-line cutters failed to function, but since redundant

cutters were available, both parachutes disreefedproperly. The command

mo'dule landed without damage at a vertical velocity of 18 feet per second.

This was lower than predicted, principally because the landing occurred in

an area of strong updrafts from the brush-fire caused by the LJ-IIAlgols.

l-i/l-Z
SID 63-1416



.........:22"  oi'"
NORTH AMERICAN AVIA N NC. an I ATION SYSTENiS DIVISION

Z. 0 INTRODUCTION

This report discusses the flight test of Boilerplate ZZ (Apollo Mission

A-003) and presents the results of the evaluation of the data gathered from

the flight. The report is intended for in-house distribution, but the test

evaluation sections will provide the basis for the NAA input to a supplement

to the joint NASA-NAA postlaunch report on the flight test of Boilerplate Z2.

Joint reports on Apollo flight tests and supplements to them will be published

by NASA-MSC and will have wide distribution.

Mission A-003 was the sixth Apollo flight and the fourth in the abort

test program. It was the third flight of the Apollo vehicle c_nfiguration

utilizing a Little Joe II launch vehicle, in this instance Model No. 12-51-Z.

Boilerplate Z2 was similar in configuration to the previous abort

vehicle, Boilerplate 23, which was flight-tested on December 8, 1964

(Mission A-002). Only minor differences, which brought Boilerplate 2Z

closer to spacecraft _^-_" "-_" - ,=_.,.=,.e_ between _ _,_e_v**_ig_=_o_, ^'"-_ ; _,e two vehicles. _

Boilerplate 2Z flight test plan was designed to explore the fourth in the series

of critical abort conditions, namely, the high-altitude condition. However,

owing to breakup of the launch vehicle, abort occurred earlier than planned.

Pad, transonic, and high-q abort conditions were investigated in previous

tests. In this flight the Little Joe II used six Algol rockets, staged so that

three were ignited at launch and the other three were to have ignited after

burnout of the first group.

Three more abort tests are scheduled. All will be conducted at the

White Sands Missile Range (WSMR), New Mexico, using the Little Joe II

launch vehicle when required. The suborbital, orbital, and lunar flights

will be launched from Kennedy Space Center, Florida, and will be conducted

with Saturn launch vehicles.

The following boilerplate vehicles have been flight-tested:

VEHICLE CONFIGURATION MISSION

Boilerplate 6 (WSMR) Command module and

launch escape

sub system

Pad abort

Boilerplate 12 (WSMR) Command and service

modules and launch

escape subsystem.

Little Joe II

Transonic abort

2-I
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VEHICLE

Boilerplate 13 {KSC)

Boilerplate 15 (ESCI

Boilerplate 23 (WSMR)

Boilerplate Z2 (WSMR)

CONFIGURATION

Command and service

modules, adapter,

and launch escape

subsystem. Saturnl

Command and service

modules, adapter,

and launch e scape

subsystem. Saturnl

Command and service

modules and launch

escape subsystem.

Little Joe II

Command and service

modules and launch

escape subsystem.

Little Joe II

MISSION

Determination of launch

and exit environmental

parameters and demon-

stration of primary mode

of LES jettison

Determination of launch

and exit environmental

parameters and demon-

stration of the alternate

mode of LES jettison

High-q abort

Planned high-altitude

abort. Actually low-

altitude owing to breakup

of launch vehicle

One boilerplate vehicle remains to be flight-tested:

Boilerplate 23A (WSMR) Command module and

launch escape

subsystem

Second pad abort

The first four vehicles of spacecraft configuration which will be

flight-tested are:

Spacecraft 002 (WSMR) Command and service

modules and launch

escape subsystem.

Little Joe II

Power-on tumbling

boundary abort

Spacecraft 009 (KSC) Complete spacecraft

with partial sub-

systems. SaturnIB

Unmanned supercircular

reentry. High heat-rate

Z-Z
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VEHICLE CONFIGURATION MISSION

Spacecraft 010 (WSMR) Command and service

rnodu!es and launch

escape subsystem.

Little Joe II

Flight abort and backup

for Spacecraft 002

Spacecraft 011 (KSC) Complete spacecraft.

Saturn IB

Unmanned supercircular

reentry. High heat-load

2-3/2 -4
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3. 0 TEST OBJECTIVES

Owing to the fact that abort occurred earlier than planned, the high-

altitude aspects of some of the BP-ZZ test objectives were not met. The

objectives are discussed in detail below, with consideration being given

to their high-altitude requirements and also to their applicability to the

abort conditions actually achieved.

3. 1 FIRST-ORDER TEST OBJECTIVES

(a) Demonstrate satisfactory launch escape vehicle performance at

an altitude approximating the upper limit for the canard subsystem.

Results: The test objective was not achieved, owing to the low

altitude at abort. However, successful performance was demonstrated

under the conditions of the abort initiation. The launch escape vehicle

was safely removed from the launch vehicle during a catastrophic failure

of the launch vehicle while experiencing a rate of roll far in excess of

the Saturn emergency detection limits.

(b) Demonstrate orientation of the launch escape vehicle to a main

heat shield forward attitude after abort.

Results: The test objective was not achieved. The high roll rate

produced spin stabilization of the vehicle which overcame the aerodynamic

effects of the canard subsystem.

3. Z SECOND-ORDER TEST OBJECTIVES

(a) Determine damping of the launch escape vehicle oscillations

with the canard subsystem deployed.

Results: The test objective was not achieved. Being in the low-

altitude abort mode, the tower was jettisoned 3 seconds after canard

deployment and before vehicle turnaround.

(b) Demonstrate the separation of the launch escape subsystem plus

boost protective cover by the tower jettison motor, and jettison of the

forward heat shield by the thrusters.

3-I
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Results: The test objective was accomplished. Both the launch

escape subsystem and the forward heat shield separated clearly and showed

satisfactory miss distances with no tendency to recontact.

(c) Determine degradation in window visibility due to rocket motor

exhaust products for an abort in the region of abort mode transition altitude.

Results: The test objective was not achieved, owing to the low altitude

of the abort point. Sooting of the window samples was not sufficient to be

detrimental to visibility from the crew compartment for abort purposes,

but the data carmot be extrapolated to higher altitude because of uncertain-

ties in plume expansion angle.

3. 3 THIRD-ORDER TEST OBJECTIVES

(a) Determine the physical behavior of the boost protective cover

during launch and entry from high altitude.

Results: The test objective was not achieved, owing to the low altitude

of the abort point. The maximum dynamic pressure planned for the flight

was not attained, and entry from altitude was not accomplished.

(b) Obtain data on thermal effects during boost and during impingement

of the launch escape motor plumes on the command module and the launch

escape tower.

Results: The objective was partly accomplished. Thermal data were

obtained but not under the flight conditions desired.

(c) Determine pressures on the command module boost protective

cover during launch and high altitude abort.

Results: The objective was partly accomplished. The pressures

were determined for the flight conditions achieved, but not for the entire

range desired.

(d) Demonstrate performance of the earth landing subsystem using

the two-point harness attachment for the main parachute.

Results: The test objective was accomplished. The earth landing

subsystem performed as planned and demonstrated the integrity of the two-

point harness attachment for the main parachutes.

(e) Determine vibration and acoustic environment and response of

the service module with simulated reaction control subsystem motor

quadr ant s.

3-2
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Results: The objective was partly accomplished. The environment

was determined for the conditions obtaining, but not for the entire spectrum

planned.

3-3/3-4
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4.0 CONCLUSIONS

The flight of Boilerplate ZZ demonstrated that the performance and

stability of the launch escape vehicle were adequate to assure a successful

mission abort from a launch vehicle suffering a catastrophic malfunction in

the subsonic flight region. Sufficient aerodynamic and stability data were

obtained to permit simulation of an abort trajectory in good agreement with

the actual abort trajectory. Data from wind-tunnel tests and previous flight

tests were verified and adjusted, and the methods of analysis were validated

by close agreement between actual and simulated trajectories. Confidence

may be placed, therefore, in translation of simulated abort trajectories

from the abort point on the LJ-II trajectory to the equivalent point on the

Saturn trajectory.

The design of the boost protective cover was substantiated by the

flight. The cover remained intact until LES jettison. At jettison, the hard

portion of the cover remained attached to the tower, with the soft portion

breaking up as planned.

The value of the hot-line abort system was proved by the flight. This

system detected the breakup of the launch vehicle and initiated the abort

sequence well in advance of any possible human reaction.

The forward heat shield jettison subsystem utilizing thrusters was

proved to be satisfactory during the flight. Even in the adverse apex-

forward condition, the thrusters propelled the forward heat shield away

from the command module with sufficient force to assure adequate separation
at all times.

The launch escape propulsion subsystem performed its function as

required. The launch escape and earth landing subsystem sequencers

operated as planned, initiating all events at their proper times. The earth

landing subsystem functioned properly, lowering the command module to

the ground within the design velocity limits.

The electrical power subsystem was adequate for all using subsystems

of this configuration. The performance of the instrumentation and commu-

nications subsystems was satisfactory.

No design or development problems were encountered with the

boilerplate during the flight which might preclude continuation of the program

along the lines presently planned.

4-1/4-Z
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5, 0 TEST VEHICLE CONFIGURATION

5. 1 VEHICLE SUBSYSTEM CONFIGURATION

The following is a list of Boilerplate 22 subsystems:

Sub sy st e m Configuration

Structure

Launch escape subsystem
Command module

Service module and adapter

Complete
Simulated

Simulated

Launch Escape Subsystem

Tower

Q- B all

Pitch control motor

Tower jettison motor

Launch escape motor

Canard subsystem

Boost protective cover

Complete
Int e rim

Complete

Complete

Complete

Complete
Interim

Separation Subsystems

Command module - service module

Command module - tower

Forward heat shield - command

module

Complete
Interim

Inte rim

Electrical Power Subsystem Inte rim

Communications and Instrumentation

Subsystem

Telemetry and antenna subsystem

Onboard recorders

Transducers and signal conditioners

C-band transponder and antenna

subsystem

Cameras (3)

Interim

Inte rim

Int e rim

Interim

Interim

Drawing No.

B15-000002-191

B16-000002-271

BI7-00000Z-181

V15-300100

ME901-0014-0003

ME467-0005- 0007

ME467- 0004- 1003

ME467-0003- 0016

V15-590201- II

VI5- 300680

ME453-0021-0004

MElll-0001-0016

ME453-0005-0036

MA0203=0002

B16-750012

B16-754009

B16-750012

B16-750012

B15-750300

5-1
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Subsystem Configuration Drawing No.

Sequencer Subsystem

Mission event sequencer

Tower sequencer

Earth landing sequencer

Backup timer

Inte rim

Inte rim

Inte rim

Interim

B16-540044-101

V15-452550-101

ME901-0398-000Z

B16-540027-101

Earth Landing Subsystem

Mortars

Parachute subsystem

Complete

Complete

ME453-0005

B16-576003

5. Z PHYSICAL DESCRIPTION

A photograph showing the test vehicle mounted on the launcher is

presented as Figure 5-1.

Launch Escape Subsystem

The launch escape subsystem (LES) consisted of the following major

components: nose cone and ballast; canard subsystem; pitch control, tower

jettison, and launch escape motors; interstage adapter; structural skirt;

launch escape tower; CM-tower separation system; and boost protective

cover.

Nose Cone and Ballast Enclosure

The apex of the LES consisted of a nose cone which contained the Q-ball
and a ballast enclosure. The nose cone was constructed of welded Inconel

and was bolted to the ballast enclosure to form a single conical-shaped

structure with a hemispherical apex.

Canard Subsystem

The canard subsystem consisted of two small hinged panels located

on opposite sides of the ballast and tower jettison motor compartments.

They remained flush with the LES mold line until deployed by an ordnance-

actuated linkage system which was located between the two panels in the

tower jettison motor compartment. After deployment the two panels formed

small aerodynamic surfaces which were designed to eliminate the apex-

forward trim point of the launch escape vehicle.

5-2
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Launch Escape Subsystem Motors

The launch escape subsystem (LES) contained the following three

motors: pitch control, tower jettison, and launch escape. Each motor had

a solid star-grain propellant of polysulfide ammonium perchlorate.

The pitch control motor was mounted directly below the ballast

enclosure. It was mounted in a horizontal position within an Inconel and

steel housing. The single exhaust nozzle produced thrust in the minus Z
direction.

The tower jettison motor was installed in the interstage adapter, which

was a welded steel cylindrical structure. It had two exhaust nozzles which

protruded through the adapter.

The launch escape motor was installed directly below the jettison
motor. The outer surface of the steel motor case formed the outer mold

line of the launch escape subsystem for the length of the motor. Four thrust
•,o,+__.1_,_.,+s at the base of the ,...._v+-_-,+..... +--,,_ +_ ..... _ the ...... +.... +.....

Launch Escape Tower

The launch escape tower (LET) was the intermediate structure between

the command module and the launch escape motor. At the top of the tower,

a structural skirt, covered with Thermolag, was used to mount the launch

escape motor. The tower consisted of awelded truss structure of titanium

tubing covered with Buna-N rubber for thermal protection. Four adjustment

fittings at the top of the tower permitted alignment of the skirt and launch

escape motor. Each of the four tower legs was attached at the bottom to the

command module by a single-mode explosive bolt.

Boost Protective Cover

The boost protective cover was designed to protect the thermal coating

of the command module conical surface from char damage and the windows

from soot during the launch phase of the Saturn mission. Although Boiler-

plate 22 did not ha,_e the spacecraft Avco ablative material or windows, the

boost protective cover structural and thermal properties were demonstrated
at abort conditions. The cover was attached to the LES tower and was

designed to separate with it at tower jettison during normal Saturn mission

as well as during an abort sequence. The cover consisted of an apex section

fabricated of fiberglass honeycomb covered with cork and an aft conical

section made up of fiberglass cloth segments impregnated with Teflon and

covered with cork. The aft section incorporated protrusions which covered

the simulated command module umbilical, air vent, steam vent, and

scimitar antennas.

5-3
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Command Module

The boilerplate command module (CM) was conical in shape, approx-

imately 135 inches high and 154 inches in diameter at the base. The

boilerplate simulated the production spacecraft in size, shape, weight and

center-of-gravity location. Simulated protrusions in the form of dummy

spacecraft umbilical, air vent, steam vent, and scimitar antennas were

incorporated for the first time on an abort mission.

The boilerplate command module consisted of an aluminun-alloy

primary structure with a forward heat shield and an aft heat shield. A

main hatch on the minus Z axis provided access to the interior. Attach

fittings and openings for the launch escape tower, component access doors,

glass samples, and GSE connectors were provided along the exterior
surface of the command module. The command module exterior was

covered by cork ablative material.

Forward Heat Shield

The forward heat shield formed the apex of the command module and

provided a protective cover for the earth landing subsystem. It was made

of aluminum alloy and covered by cork ablative material. The forward

heat shield of Boilerplate 22 was not attached to and jettisoned with the

launch escape subsystem as on previous abort missions but was ejected

0.4 second afterward by means of gas-operated thrusters.

Forward Bulkhead and Egress Tube

These components and their internal fittings were made of aluminum

alloy. The forward bulkhead was of double-skin construction with stiffeners

attached by rivets, The egress tube was cylindrical, and was welded to the

bulkhead. The drogue-parachute attach fitting and disconnect were fastened

to the egress tube, and the two main-parachute attach fittings were fastened

to the forward bulkhead at points corresponding to main longeron locations.

Command Module Crew Compartment

The forward section of the crew compartment consisted of a conical
structure of stiffeners welded to the outer skin of the vehicle. The stiff-

eners formed four main longerons to which the launch escape tower legs

were attached. The longerons ended at the mid-ring splice of the command

module. Secondary stringers helped to transfer loads from the forward

bulkhead to the mid-ring and helped the skin to support air loads. The mid-

ring splice was the junction where the forward and aft sections of the crew

compartment were bolted together.

5-4
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The aft section of the crew compartment consisted of a sidewall with
stiffeners that corresponded to those in the forward section. These stiffeners
extended from the mid-ring to the machined ring forging at the junction of
the sidewall and the aft bulkhead.

Aft Heat Shield

The aft heat shield formed the base of the command module. It was
convex outward and was constructed of aluminum honeycomb bonded on both
sides to laminated fiberglass. It was attached to primary structure by four
dummy shock struts. Two SM-to-Ch{ electrical umbilical connectors were
incorporated. Nine holes through the heat shield allowed the six command
module bearing points to protrude and permitted access for the three CM-SM
tension ties.

Earth Landing Subsystem

The earth landing subsystem (ELS) consisted of a sequence controller,

two drogue parachutes, two drogue-parachute mortars, three pilot para-

chutes, three pilot-parachute mortars, three main parachutes, associated

harnesses, risers, reefing-line cutters, and disconnects. The drogue-

parachute disconnect was operable on this flight but the main parachute

disconnect, although installed, was not intended to be activated.

The pilot and main parachutes were of smaller diameter on Boilerplate

22 than on previous missions, and the drogue parachute initial and final

reefed diameters were different from those in previous missions.

Each drogue parachute and pilot parachute was contained in a deploy-

ment bag within a mortar. A signal from the sequencer fired the pressure

cartridge in the mortar, ejecting the parachute in its deployment bag. The

bag assisted in parachute deployment during and after ejection from the

mortar. Each main parachute was also contained in a deployment bag,

although deployed by its pilot parachute rather than by a mortar.

Drogue Parachutes

The two conical-ribbon drogue parachutes were 13.7 feet in diameter

and were deployed in a 41-percent-reefed condition. They were disreefed

by pyrotechnic cutters to 64 percent of nominal diameter 8 seconds after

line stretch. The main function of the drogue parachutes was to decrease

the velocity of the command module to a level which was safe for main-

parachute deployment.

5-5
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Pilot Par achute s

The three ringsail pilot parachutes were 7. Z feet in diameter. Each

pilot parachute extracted one main parachute from its stowed position on

the upper deck of the command module.

Main Parachutes

The three ringsail main parachutes were 83. 5 feet in diameter. They

were deployed in an 11-percent-reefed condition. Eight seconds after line

stretch they were disreefed by pyrotechnic reefing cutters.

Service Module

The boilerplate service module (SM) was a carbon-steel cylindrical

structure 161.75 inches long and 154 inches in diameter. This length

included the adapter between the service module and the Little 5oe II launch

vehicle and the fairing between the service module primary structure and
the command module aft heat shield. It was constructed of a sheet-steel

skin riveted to sheet-steel circular frames. The command module was

supported by six compression pads that were attached to the service module

primary structure longerons. These points transmitted thrust loads and

were adjustable to facilitate CM-to-SM alignment.

Four dummy reaction control subsystem (RCS) quads were mounted on
the service module to simulate the spacecraft aerodynamic configuration.

Structure Extension

The boilerplate extension, or adapter, was a carbon-steel cylindrical

structure 10 inches long and 154 inches in diameter. It was constructed

of a sheet-steel skin and stiffeners riveted to upper and lower frames. The
extension was bolted to and connected the service module and Little Joe II.

Neither the extension nor the service module was designed to separate from

Little Joe II during flight.

Service Module Tension Ties

Three CM-to-SM tension ties, made of steel, were located at longerons

No. 2, No. 4, and No. 6. When the abort signal was received, the three

tension ties were severed by linear shaped charges to separate the command
module from the service module.

5-6
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Environmental Control Subsystem

Although most of the hardware for the environmental control subsystem

(ECS) had been installed in the vehicle, it was not required for this mission

and was not made operative for this flight.

Electrical Power Subsystem

The electrical power subsystem (EPS) consisted of six batteries and

associated buses, switches, and wiring. Two instrumentation batteries were

each connected to independent nonredundant instrumentation buses. They

were rated 20 ampere-hours at 12 amperes. Two logic batteries, rated at

6 ampere-hours with a 2-ampere maximum load, were each connected to an

independent redundant logic bus.

The two pyrotechnic batteries were of a type used for the first time on

this flight. They were rated at 45 ampere-minutes or 75 amperes for 36

seconds. Each was connected to an independent redundant pyrotechnic bus.

Sequencers

The sequencers used on this flight consisted of the mission event

sequencer, the earth landing subsystem sequencer, the tower sequencer, and

the backup abort timer. All sequencer subsystems were dual systems to

provide complete redundancy. The mission event sequencer armed the logic

and pyro buses and initiated CM-SM separation, canard deployment, and

forward heat shield jettison. The earth landing subsystem sequencer, which

contained the high-level and low-level barometric switches, initiated deploy-

ment of the drogue and pilot parachutes and drogue-parachute disconnect.

The tower sequencer activated the launch escape and pitch control motors and

activated the tower jettison motor and CM-tower bolt release. The backup

abort timer provided for abort capability in the event that the RF signal from

the ground failed to accomplish its function.

R&D Instrumentation Subsystem

The Boilerplate 22 instrumentation subsystem consisted of two VHF/

FM/FM telemetry amplifiers and transmitters, two 90-x-10 commutators,

one 90-x-1.25 commutator, two tape recorders, signal conditioners, and

transducers. Tour cavity-type TMantennas were spaced at 90 degrees on

the conical surface of the command module.

Three cameras were carried during the flight. The cameras were

contained in protective casing including their individual batteries. They were

mounted in the launch escape tower, the command module, and the service

module.

'_ 5-7
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Communications Subsystem

Two C-band radar transponders were carried in the command module

to assist in radar acquisition and tracking. Each transponder transmitted

through two cavity-type antennas spaced 180 degrees apart, located so that

individual antennas were 90 degrees apart.

Launch Vehicle

The Little Joe II launch vehicle was manufactured by the Convair

Division of General Dynamics. It was configured with six Algol rocket motors.

The motors were to be ignited in groups of three, the first group at launch

and the second group after burnout of the first. The launch vehicle contained

an attitude-control subsystem consisting of an autopilot, hydraulically acti-

vated elevons, and reaction control motors. The elevons and the reaction

control motors were mounted on four fins spaced 90 degrees apart at the

base of the vehicle. The launch vehicle was 154 inches in diameter and

approximately 399 inches long.

5.3 CONFIGURATION STATUS

Several items of the Boilerplate ZZ configuration duplicated final space-

craft hardware. The three rocket mutors, the canard subsystem, the launch

escape tower, and the tower skirt were all of final design. The Q-ball

differed from final design only in the range of its transducers. LES-CM

separation bolts were of the single-mode type, and will be replaced by the

dual-mode type when the dual-mode bolt is flight-qualified. The canard

subsystem was used for the first time on Boilerplate Z3, as was the thrust-

vector offset angle of 3.8 degrees on the tower jettison motor.

The boost protective cover was tested for the second time on this flight,

having been tested previously on the flight of Boilerplate 23. On Boilerplate

22, however, protuberances not previously incorporated were added to pro-

vide covers for simulated CM-SM umbilical, air and steam vents, and

scimitar antennas. The final spacecraft boost protective cover will have the

soft portion divided into seven instead of eight segments, and will extend

slightly lower.

The command module dimensions have remained the same for all

boilerplate vehicles flown to date. These dimensions approximate the

exterior of the spacecraft configuration. Protuberances in the form of

simulated CM-SM umbilical, air and steam vents, and scimitar antennas,

which will be present on Block I spacecraft, were flown on an abort mission

for the first time, although they had been incorporated on the orbital flights of

Boilerplates 13 and 15.

5-8
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Slmu_,_ ser;-ice module P_CS quads were incorporated on an abort

vehicle for the first time, although they too had been tested on the previous

orbital flights.

The earth landing subsystem tested was of final spacecraft design for

the first time. It differed from previous flights in that both pilot and main

parachutes were of slightly smaller diameter, and the pilot-parachute mor-

tars were slightly shorter. Also tested for the first time were the two-point

main-parachute suspension subsystem and the 8-second disreefing timing on

both drogue and main parachutes.

5-9
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6.0 LAUNCH OPERATIONS

6. 1 SIMULATED COUNTDOWN

The simulated countdownOCP-A-0010 was performed on May 7, 1965,

in order to verify readiness of the spacecraft and interfacing GSE for launch,

as well as to verify coordination of all contractor, NASA, and range functions

required for launch operations under simulated launch conditions. OCP-A-

0010 as adapted by deviation sheets for the simulated countdown included

final systems checks, a simulated mission, power-on stray-voltage checks,

abbreviated spacecraft closeout, and simulated final launch operations which

were concluded at T-3 seconds. There were no spacecraft or GSE problems;

however, the aircraft fly-bywas scrubbed at T-Z0 minutes because of aircraft

problems and the incompatibility of the spacecraft C-band transponder and

aircraft beacon requiring a frequency change of the FPS-16 radar. NASA

range coordination and real-time data system personnel resolved this problem

prior to actual launch operations.

A post-test briefing was held May 7, 1965, and the test results and

data review were satisfactory. The GSE, the facility, LJ-II, and the

spacecraft were considered ready for the launch countdown.

6.Z COUNTDOWN

The countdown was accomplished in three successive days, May 17,

18, and 19, 1965. The precountdown section of OCP-A-0010 was performed

on May 17," 1965, and consisted of applying power to the vehicle to check the

telemetry, instrumentation, and transponder systems. A simulated mission

was performed during which the spacecraft was transferred to internal power

and a simulated launch conducted. The systems were reset and the ordnance

lines were checked to verify that no stray voltages existed. The spacecraft

ordnance devices were then installed, and the command module and the

service module were closed out.

Countdown commenced on May 18, 1965, and the launch escape and

tower jettison motor ordnance was connected. The LJ-II was armed;

telemetry checks were accomplished; and the gantry was removed. The

countdown was completed at 0601 MST May 19, 1965, after a flight-safety

hold of 1 minute 3.9 seconds which occurred at T-100 seconds. The launcher

position was 356 degrees true azimuth and 84 degrees true elevation.

6-I/6-Z
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7.0 TEST EVALUATION

This section covers the following topics:

7. I Flight Dynamics and Aerodynamics

7.2 Earth Landing Subsystem

7.3 Ae rotherrnodynamic s

7.4 Structures

7.5 Structural Dynamics

7.6 Mass Characteristics

7.7 Launch Escape Sequencer Subsystem

7.8 Ordnance Equipment

7.9 Launch Escape Propulsion Subsystem

7. I0 Window Sample Analysis

7. II Electrical Power Subsystem

7. I_ Instrumentation Subsystem

7.13 Communications Subsystem

7.14 Electromagnetic Compatibility

7.15 Data Coverage and Availability

7.16 Ground Support Equipment

7-1/7-2
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7. 1 FLIGHT DYNAMICS AND AERODYNAMICS

Summary

The BP-22 flight-test data were analyzed and compared with simulated

performance for an abort under the flight conditions actually experienced.

Owing to launch vehicle excessive roll rate and breakup, the abort occurred

prematurely, under conditions differing from those predicted. Despite this

fact, the Apollo launch escape vehicle aborted successfully and provided a

safe means of escaping from a catastrophic failure of the launch vehicle and

returning to the ground.

Primary flight parameters are summarized at eight significant event

times in Figure 7. I-I. A summary of the aerodynamic configuration of the

Apollo vehicle is presented in Figure 7. l-Z. A mission profile presenting

altitude and range for each of the major event times with sequential photo-

graphs is shown in Figure 7. 1-3. Definitions of axis systems and sign

conventions used for these analyses are presented in Figures 7. 1-4 through

7. 1-9. Summary graphs presenting aerodynamic angles, rotational rates,

accelerations, meteorological data, and trajectory parameters appear as

Figures 7. 1-10 through 7. 1-20.

Ae ro dynamic Confi_ur ation

The external configuration of the Apollo vehicles tested to date has

varied slightly from flight to flight. Some of the changes have affected

portions of the flight trajectory, while others have had only local effects on

the aerodynamic characteristics of the vehicle. These changes in aero-

dynamic configuration are summarized in the table of Figure 7. 1-2.

Basic dimensions and outlines of the launch escape subsystem and

command module have remained the same for all flight tests. Overall

length of the service module, when used, has varied from orbital to abort

vehicles, but its diameter has remained the same.

The BP-ZZ test vehicle was fitted with a canard subsystem, a boost

protective cover, and a tower jettison motor with a 3.8-degree thrust-

vector offset, all of which were used for the first time on BP-23. The

boost protective cover on BP-Z2, however, was equipped for the first time

with protuberances simulating covers for scimitar antennas, air and steam

vents, umbilical, and crew windows. The launch escape tower contained a

camera package similar to the ones used on BP-lZ and BP-Z3. The tower

structural members were covered with Buna-N thermal protection such as

that used on Boilerplates 13, 15, and 23.

7.1-1
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The BP-22 command module was equipped with simulated scimitar

antennas, air and steam vents, and an umbilical. These protrusions had also

been installed on BP-13 and BP-15, but this was the first time that they were

simulated on an abort vehicle. Dummy RCS quads on the service module

were also used for the first time on an abort test, but had been used previ-

ously on BP-13 and BP-15. Glass window samples were installed on the

conical surface of the command module, but at locations different from

those on the conical surfaces of BP-6 and BP-I2. No window samples were

installed on the periphery of the aft heatshield, as had been the case for

BP-12 and BP-23.

Flight Dynamics

Conditions at Abort Initiation

Test conditions for Mission A-003 were established to verify the

performance of the canard at an altitude approximating the upper limit of

its effectiveness. Conditions at the nominal test point were selected to

approximate the Mach number and dynamic pressure of the Saturn boosters

at the abort altitude. A control malfunction caused the Little Joe II launch

vehicle to fail structurally Z6.3 seconds after liftoff, automatically initiating

abort. A comparison of planned and actual abort points in the Mach-number/

dynamic-pressure plane can be seen in Figure 7. 1-Zl. The launch escape

vehicle flight which followed was not representative of an abort from a

Saturn booster, owing to roll rates at abort initiation which were far in excess

of the emergency detection limit specified for Saturn. It should be noted

that in spite of the extremely adverse conditions at test initiation, the

command module was recovered undamaged. A comparison of the planned

and actual conditions at abort are tabulated below.

Parameter Planned Actual

Mach number 3.71 0. 74

Dynamic pressure 154 psf 514 psf

Altitude 1 II, 864 ft msl IZ, 344 msl

Flight path angle 37 deg 50. 1 deg

Angle of attack 2.7 deg -3. 9 deg

Angle of sideslip 0 8. 1

Roll rate 0 260 deg/sec

Pitch rate 0.57 deg/sec 5 deg/sec

Yaw rate 0 -12 deg/sec

Early initiation of the abort resulted in a low-altitude mode abort

sequence. In this mode, the barostatic circuits remain closed, causing

the tower to be jettisoned 3 seconds after canard deployment. Under Saturn

abort conditions the canard surfaces would have destabilized the escape

C:TT_ A_ 1/I 1A_A



vehicle, allowing the tower and the forward heatshield to be jettisoned

approximately in the aft heat-shield-forward attitude ( _ = 180°). The

excessive roll rates encountered on this flight spin-stabilized the escape
e _i _A.

vehicle in an apex-lorwaru position so th_L the tower and _u^_,_=forward heat-

shield were jettisoned into the wind, i.e. at low angles of attack. Had the

abort occurred at the IEDS roll rate limit of 20 degrees per second, the

canard would have been effective, destabilizing the vehicle to a favorable

LIES and apex-cover jettison attitude. To show this, two abort conditions

were considered: (i) an abort at the actual test point with the roll rate

limited to 20 deg/sec and (2) an abort initiated at the point during launch

when the IEDS limit was exceeded. Details of these simulations are discussed

in later sections. However, in each case the canard was shown to be

effective, and the reorientation of the launch vehicle was successfully

s imulat e d.

LEV-SM Separation

Separation of the launch escape vehicle was completed successfully.

Abort was initiated when the launch vehicle failed structurally because of

excessive roll rate. At T + 26. 3 seconds the "hot wire" was broken,

providing the abort initiation signal. Physical separation was achieved at

T + 26.4 seconds and was verified by film coverage and telemetered

separation event signal. The 100 milliseconds between abort signal and

separation can be accounted for as follows: 20 milliseconds to close relays

in the abort sequencer, and 30 and 50 milliseconds for the chamber pressure

rise time of the PCM and LIES motors, respectively. The remaining 30

milliseconds cover the time required to separate the LEV from the SM.

Preflight analysis indicated marginal separation capability in this region;

however, the analysis was made on the assumption of a thrusting LJ-II,

a condition which is not applicable to this flight.

Launch ]Escape Vehicle Stability and Performance

The purpose of this section is to discuss the stability and performance

of the launch escape vehicle (LEV) during the flight prior to canard deploy-

ment. While the conditions prevalent at abort could not possibly be

experienced during a Saturn boost, the launch escape vehicle still performed

satisfactorily and propelled the CM to a safe distance from the disintegrating

Little Joe booster. Good simulation of the dynamics was hampered by the

lack of accurate data on initial conditions of attitude and aerodynamic angle

of attack. The only source of data for the aerodynamic angles of attack and

sideslip was the Q-ball instrument mounted in the nose of the LEV, and the

accuracy of these data is questionable for reasons presented in the

Stability Analysis in the Flight Dynamics section. This lack of accurate

initial-condition data precludes a good simulation of the flight dynamics

during LEV flight. Details of the stability and performance analysis are

discussed in the following sections.
7. I-3
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Abort Initiation Conditions. The flight conditions that existed at abort

initiation are as follow:

Time, seconds Z6. 3

Mach number 0.74

Dynamic pressure, psf 514

Flight path angle, degrees 50. 1

Altitude, msl, feet 12, 344

Range, north, feet 4,934

Crossrange, west, feet 554

Separation of the LEV from the service module occurred 0. 1 second

later, based upon the telemetered data from the CM-SM physical separation

monitor. Digital simulation of the launch escape vehicle flight was attempted

only from this time through canard deployment, owing to lack of capability

for simulating interaction forces between the two bodies. CM-SM separation

characteristics are discussed in more detail in the preceding section.

Flight Simulation Analysis. The flight of Boilerplate 22 was completely

simulated in six degrees of freedom. The equations of motion employed are

specialized for use in LEV simulations and include all known forces acting

on the LEV. Parameters used to define the LEV performance, i.e., thrust

computed from onboard chamber pressure data, aerodynamic data from

refererme 16, weight and inertia data computed from the actual motor mass

flow characteristics and the preflight weighings, and thrust-vector alignment

from the preflight alignment procedure, were of final form and were not

varied in the simulation. Perturbations from the nominal values of certain

parameters were made to match flight data. In this manner, the magnitude

of the aerodynamic coefficients and the thrust-vector angles were determined.

Results of the simulation analyses are presented in the following sections.

Performance. The LEV flight prior to canard deployment (from T +

26,3 seconds to T + 37.4 seconds) was divided into two phases for analysis

purposes The power-on phase starts at T + 26. 3 and ends at T + 31

seconds. The second (power-off) phase ends at the start of canard deploy-

ment, T + 37.4 seconds.

A po st/light

completely agree

reduction in axial

coefficients were

simulation, using preflight aerodynamic data, did not

with the flight performance data. The effect of a

force was therefore investigated. The LEV axial-force

varied from the nominal values of reference 16 by

increments of -0. 15, -0. 17, -0. 18, and -0. Z. The effects of these

variations on altitude and range at T + 31 seconds are presented in

Figure 7. 1-22. It was found that the allowable tolerances on the thrust-

vector alignment angles {_XX = ± 0.30 degree; and c YZ = ± 6 degrees)

had a negligible effect on the performance of the launch escape vehicle.

7. 1-4
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It can be seen from Figure 7. 1-22, then, that the LEV power-on axial force
coefficients should have been reduced by approximately 0. Z. Figure 7. 1-23
presents the recommended LEV power-on axial-force coefficients based on

postfiight an_,y_-_...... u_tthe ,_-_A-*_o...._,_,,ucted.,._+_,_. . ,_.,Boi!erpl =+_ _-I_,___, and

7.3 versus the Mach number at abort initiation in each case. There is a

definite trend which illustrates that the LEV axial-force coefficients derived

from hot-jet wind-tunnel tests are too large because of possible sting

interference effects. A simulation run of the power-on portion of flight was

made using the nominal values of _XX andcYZ together with the indicated

changes in the axial-force coefficients. The results of the simulation are

compared to the actual Boilerplate 2.2 flight performance data at T + 31

seconds in the following tabulation:

Parameter

Boilerplate ZZ

Flight Data

Altitude, msl, ft 15,786

X-range, ft, north 8,050

Y-range, ft, west 1,164

Mach number 0.89

Dynamic pressure, psf 655. 5

Flight path angle, deg 44.4

Best First

Simulation Po s tflight

(_C A = -0.2) Simulation

15,770 15, 64Z

8,047 8,002

I, 370 763

0.91 0.86

688 6Z 9

44. g 43. 5

It is seen from the above table that the best simulation is closer to actual

conditions in both range and altitude and approximately the same in flight

path angle.

The power-off phase of flight indicated that the axial-force coefficients

were basically correct; however, a few simulations were run with axial-force

increments of -0.04, -0. 08 added to the nominal power-off values presented

in reference 16. The effect of these variations on altitude and range at

canard deployment is presented in Figure 7. I-Z4. From the results shown

in this figure, it can be seen that the power-off LEV axial-force coefficients

should have been reduced by approximately 0.04.

A simulation was made using the indicated change in the axial-force

coefficients; the results of the simulation are compared to the Boilerplate XZ

flight performance data at canard deployment (T + 37.4 seconds) in the

following table:

Be st Fir st

Boile rplate 2 Z Simulation Po s t/light

Parameter Flight Data (/% C A = -. 04) Simulation

Altitude, msl, ft 18,647 18, 641 18,333

X-range, ft, north 11,479 11,466 11,352

7. I-5
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Parameter

Boilerplate 22

Flight Data

Y-range, ft, west I, 809

Mach number 0. 50

Dynamic pressure, psf 186

Flight path angle, deg 3 i. 5

Best First

Simulation Po s tflight

(A C A = -. 04) Simulation

I, 547 I, 413

0.49 0.47

180 170

31. 3 29

The Mach number and dynamic pressure time histories for the Boilerplate 2Z

LEV and the results of the simulation using the recommended power-on and

power-off axial-force coefficient increments are presented in Figures 7. 1-25

and 7. 1-26. The altitude, range, and cross-range histories for the

Boilerplate 22 LEV and the results of this simulation are presented in

Figures 7. 1-27, 7. i-Z8, and 7. 1-29. Good agreement exists throughout the

entire LEV portion of flight, indicating that the preflight aerodynamic data

are acceptable for use with the drag changes noted, and that LEV performance

can be correctly predicted in this Mach number and dynamic pressure region.

Stabilit 7. Using the revisions to the aerodynamic data indicated by the

performance analysis, simulations were made trying to match the stability

parameters of the flight, i.e. , pitch and yaw body rates, angle of attack, and

sideslip. No attempt was made to match the body roll rate, as the only flight

data available were average roll rates determined from a tracking film.

It should also be noted here that the angle-of-attack and angle-of-

sideslip histories identified as flight data were obtained from the Q-ball

instrumentation. Since the LEV roll rate was so large, and since the Q-ball

data were received on a commutated telemetry channel, the accuracy of the

Q-ball data was reduced because the LEV can rotate as much as 14 degrees

between data readings from the commutator. Dynamic simulation is highly

dependent on the initial conditions, which cannot be accurately defined because

of the Q-ball problem. Therefore, an accurate (dynamic) simulation of

angles of attack and sideslip is not possible. The angle-of-attack and angle-

of-sideslip histories obtained from the digital simulation are compared with

the flight data in Figures 7. 1-30 and 7. 1-31. The digital simulation exhibits

a more oscillatory motion than that shown by the flight data, probably because

of inaccurate initial conditions and because the raw Q-ball data were smoothed

before they were used to obtain angle-of-attack and angle-of-sideslip time

histories. The simulation agrees fairly well with the flight data until approx-

imately T + 30 seconds, when the two become out of phase. The roll, pitch,

and yaw rate time histories obtained from the digital simulation are compared

with the flight data in Figures 7. 1-32, 7. 1-33, and 7. 1-34. No attempt was

made at perturbation of the LEV aerodynamics in an effort to match the

Q-ball-derived aerodynamic angles. The simulation run was assumed to be

the more realistic presentation, in view of data acquisition problems and

previous flight-test results.

_ 7. I-6
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Canard Dynamics

The canard was deployed at an altitude below the earth landing system

sequencer high-mode baroswitch opening point; therefore the escape tower

was jettisoned as a timed event 3 seconds after canard deployment. The

canard failed to substantially change the apex-forward attitude of the abort

vehicle. The analysis in this section shows that roll-rate conditions in

excess of ZOO degrees per second, as experienced on this flight, are sift-

ficient to prevent the turnaround maneuver. It is also shown that had the

abort occurred at the Saturn EDS limit of 20 degrees per second the canard

would have been effective. Two factors contribute to the lack of a sufficient

destabilizing pitch moment to cause a turnaround. The first and primary

factor is the gyroscopic effect often referred to as spin-stabilization, and

the second is the effect on the pitching-moment coefficient when the angle of

attack makes rapid changes from positive to negative values.

Simulated Saturn Aborts. Dynamic simulations were made for con-

ditions at abort which included LJ-II roll rates exceeding ZO degrees per
second. Simulations were also made _.... _'*'^ _+• v_ cv,,_,,,_ns abort "'__, ...,.._.. cor-

responded to the BP-Z2 test conditions with the exception that the roll rate

was assumed to be 20 degrees per second, the present Saturn EDS limit.

Figure 7. 1-35 illustrates the total angle of attack for these latter cases. In

each case, the angle of attack approached 180 degrees, indicating completion
of the turnaround maneuver.

Spin Stabilization.
accelerations are •

The expanded equations for roll, pitch, and yaw

= [L- {rp - q) Ixy+ {r ,+pq)IXZ-

1

:,z-C:z - :x-%

M- (pq - ÷) !yZ+ (I_ + qr) Ixy-

1

C xx-
1

The simulation used for the analysis in this report includes the acceleration

equations as presented above. However, to simplify the explanation of the

spin-stabilization phenomenon, approximations are made. In comparison to

the rest of the inertia data, Ixy and Iyz are relatively small and can be
ignored. The acceleration equations now reduce to the following form:

a b c

A $4 •

---_X r--- ixx xx
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cl =--M (p2 . r 2)

Iy y

( xx- zz)
--- rp
Iy y Iy y

N I (Iyy-IXX )XZ

= ZT-ZZ-(gr - pl - PqIzz IZZ

The terms p, q, and r in these equations are the body axis rotational rates

about the XB, YB, and Z B axes, respectively; and the dots indicate time

derivatives of these rates. The terms L, M, and N are the aerodynamic

moment terms and include both static and dynamic contributions. A com-

parison of magnitude of each term is made to illustrate how term c can be

of significance.

Inspection of the terms of the r equation shows that term c is determined

by the product pq. The roll rate (p) is a nearly constant large positive value

and dominates the term, resulting in an oscillating but always negative yaw

acceleration and consequently a negative yaw rate (r). Analyzing the

equation with the knowledge of a large positive p and a negative r, one can

readily see that q will remain positive so long as the sum of terms a and b

(Ixz is negative) is greater than term c. Figure 7. 1-36 illustrates the con-

tribution of these terms as a function of time from canard deployment to

LES jettison. Also included in this figure is the sum of the three terms.

The result is as expected: the total _ expression is a function which oscillates

about a zero value. The integrated value of _, which is an approximation of

, is, consequently, of a small magnitude, which substantiates the small

perturbation in angle of attack noted on this flight.

To further demonstrate the effect of roll rate on canard effectiveness,

a parametric investigation was conducted. Results are shown in Figure 7.1-37.

This figure shows the total angle of attack achieved during canard flight as a

function of initial roll rate.

Deployment Conditions. The deployment conditions were obtained from

both optical tracking and telemetry data and are listed in the following table:

Time from liftoff

Mach number

Dynamic pressure

Altitude

Range (north)

Crossrange (west)

Flight path angle

Roll rate

37.4 sec

0.50

186

18,647 ft msl

11,479 ft

1809 ft

31.5 deg

228 deg/sec
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Pitch rate -7 deg/sec

Yaw rate -6 deg/sec

Euler angles (ZYX)

Yaw -I0.6 deg

Pitch 31.9 deg

Roli 0 deg (estimated)

Angle of attack -1.6 deg

Angle of sideslip 2.6 deg

Total angle of attack 3.2 deg

Trajectory Comparison. Figures 7. 1-38 througb 7. 1-49 illustrate both

static and dynamic parameters and, in general, show good correlation. The

following tabulation compares the results of the simulation with actual BP-22

test data at the point just prior to tower jettison which ends the canard flight

phase:

Parameter

BP-22

Flight Data Simulation

Altitude, ft 19252 19269

X range (north), ft 12690 12688

Y cross range (west), ft 2030 +2018

Dynamic pressure, psf 116 113.4
Mach number 0.40 0. 395

Flight path angle 20.3 20.9

Note should be made that upon inspection of the optical tracking just prior to

jettison, Mach number and dynamic pressure experienced a significant dip,

then came back up to complete a continuous curve. This occurred over a

time interval of 0.8 second starting at T + 40.0 seconds. Dynamics of the

system as shown by previous postflight analyses precludes the possibility of

this dip being realistic. The data were therefore faired through this region

and are used for comparison purposes in this report.

Launch Escape Subsystem Jettison

The launch escape subsystem (LES), including the hard portion of the

boost protective cover, was successfully jettisoned from the command
module 14 seconds after abort initiation and 40.4 seconds after liftoff of the

LJ-II booster.

Actual BP-22 LES jettison conditions were quite different from those

anticipated. Jettison of the LES was to have occurred on descent of the LEV

at approximately 25,000 feet. The LEV would then be descending almost

7. 1-9
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vertically, oscillating about a heatshield-forward trim point. As it was,

jettison occurred while the LEV was still ascending, flying in an apex-forward

attitude and rolling at a rate exceeding 200 degrees per second. The initial

conditions at LES jettison are listed below.

Time from liftoff

Mach number

Dynamic pressure
Altitude

Flight path angle

Heading angle
Roll rate

Pitch rate

Yaw rate

Euler angles (ZYX)
Roll

Pitch

Yaw

40.4 sec

0.40

116 psf

19, 252 ft msl

20. 3 deg

10.8 deg

ZI2 deg/sec

-4. 5 deg/sec

-9.0 deg/sec

0

34 deg

25 deg

With the exception of body roll, pitch, and yaw rates, these quantities were

derived from optical tracking data. Pitch and yaw rates were determined

from the rate gyros. However, because the roll rate exceeded the rate gyro

limitation of 150 deg/sec, roll rate was estimated from films of the flight.

LES-CM Separation. The jettison motor provided positive separation

of the LES from the command module, and by the end of motor burn time

(1.4 sec) the LES was approximately 200 feet ahead of and 70 feet above the

command module. Vertical, downrange, and crossrange separation distances

are shown in Figures 7. 1-50 and 7. 1-51.

The LES ascended above the command module until approximately 15

seconds after jettison. At this point, the LES reached its maximum vertical

separation of nearly 800 feet. Some 10 seconds later, the LES had descended

to the same altitude as the command module, a crossover altitude of 15,900

feet msl. The lateral separation distance at this point was approximately

2340 feet. The possibility of recontact ceased to exist at this point as the LES

continued to descend below the command module, providing ever-increasing

separation distances. The total-separation-distance history of the LES and

the command module is shown in Figure 7. 1-5Z.

The positive stability of the launch escape system with canard deployed

was readily verified by films of the flight. The high initial roll rate was seen

to damp out within the first five seconds after jettison. The LES remained

apex-forward throughout its flight; and, after initial perturbations following

jettison, _ and _ excursions were small. The LES trajectory, flight path

: 7. 1-10
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angle (y), and Mach number (M), are presented in Figures 7. 1-53 through

7. 1-55. The trajectory is seen to be one of a lifting body. The flight path

angle (Figure 7. 1-54) shallows to approximately -60 degrees prior to impact

after reaching a maximum of -80 degrees Z6 seconds after jettison.

Simulations of the LES trajectory are shown in the above-mentioned

figures as dashed lines. The aerodynamic data used in the six-degrees-of-

freedom simulations were those of Reference 4. Roll-rate damping was

required in the simulations to damp the high initial roll rate at jettison.

A damping coefficient, CI±, of -0.4 was found to provide the best
P

simulation. Pitch and yaw damping, Cmq and Cnr , were not required.
data from meteorological observations made one hour prior to the flight

(Reference 5) were used in the simulations.

Wind

Forward Heatshield Jettison

During the stabilizing effect of the high roll rate caused by the launch

vehicle failure, the forward heatshield was jettisoned under the adverse

conditions of apex-forward flight. Examination of motion pictures and post-

flight inspection of the flight hardware show no evidence of interference

between forward heatshield and command module during separation.

Separation of the forward heatshield was defined from motion pictures,

as no reduced tracking data were available. From knowledge of the camera

locations and the size of the hardware, the separation of the LES and the
forward heatshield relative to the command module was determined. These

data were defined from three tracking positions. The resulting trajectories

are shown in Figure 7. 1-56.

It is not possible to simulate the measured separation when freestream

dynamic pressure is applied to the separating components. To provide the

correct separation, the dynamic pressure applied to the command module and

the forward heatshield was varied parametrically. These variations included

initial values of qL/q= (ratio of local dynamic pressure to freestream dynamic
pressure) and the separation distance at which the effect disappeared (a linear

variation from initial to freestream conditions was used). Variations in

dynamic pressure applied to the command module have little effect on the

relative separation because of the brief period covered by this investigation

(approximately 1.5 seconds) and the large mass of the command module.

The effects of these parameters are shown in Figure 7. 1-57. From this

presentation it can be seen that the forward heatshield is affected by the

presence of the LES until the separation between them is a minimum of 60

feet. No conclusion can be drawn as to the local dynamic pressure conditions

which existed on the forward heatshield at the instant of separation.

F7. I-II

SID 63-1416-6



: : .: : .: : ."

NORTH AMERIC;I_ ,D,_I,_ITIO_N; I_. • S II_II'ORMATION SYSTEMS DIVISION

A sequence of photographs (Figure 7. 1-58) is used to show the relative

position of the FHS with respect to the command module. It can be seen that

the FHS passed the CM on the right side. The exact separation at the time

of passing cannot be determined; however, there was apparently no contact.

Crew Acceleration Environment

The acceleration environment of the BP-ZZ flight was compared with

criteria of crewman tolerances to sustained acceleration. On the basis of

this comparison, it was found that the acceleration environment of the BP-2Z

flight was well within safe limits of human tolerance. Had astronauts been

on board BP-22, they would have experienced no lasting distress from the

accelerations experienced. In addition, roll, pitch, and yaw angular rates

were found to be well within established limits of physiological human

tole rance.

Ae r odynamic s

Command Module Pressure Analysis

The purpose of the BP-Z2 pressure analysis is to determine how

accurately wind-tunnel tests predict pressures and hence the loads on a

full-scale flight vehicle at transonic Mach numbers.

Results of the analysis indicate:

. Good overall correlation exists between flight-test pressure data

and wind-tunnel pressure data.

ZI The pressure taps located in the transition step from the hard to

soft boost cover give lower readings than the pressures predicted
for a smooth CM.

o The high-pressure regions on the CM during abort appear to be

more localized than wind-tunnel data indicate, as previously noted

on BP- 23.

. The difference between flight base pressures and wind-tunnel base

pressures noted on earlier flights could not be verified because the

pressure transducers were designed for high-altitude operation and

were scaled accordingly. No valid readings were possible at the

altitudes attained on the flight.

e The pressures measured on and under the BPC during jettison

indicate the loads were well below the maximum predicted by

aerodynamic studies.

7. I-IZ

SID 63-'i,,io''"-6



. The high rate of spin on BP-22 affected the pressure analysis

indirectly because of the difficulty in determining the vehicle

aerodynamic attitude.

The original flight plan for BP-22 specified a high-altitude abort with

LEV tumbling during the LES motor burning. For this reason, most of the

34 pressure taps were located on the positive Z side of the command module

so that the jet impingement pressures could be accurately defined.

Figure 7. 1-59 shows the pressure-tap locations. The planned mission

required pressure measurements both with and without the BPC. This meant

that the rather unusual pressure-tap installation shown in Figure 7. 1-60 had

to be used. Four 0-to-4-psia pressure taps were installed on the aft heat-

shield to measure the base pressures at high altitude. Because of the Little

Joe II failure, most of the flight, including abort, was at negative angles of

attack, orienting most of the pressure taps to the leeward of low-pressure

side of the CM. The pressure at the altitude at which abort occurred was

still above the base-pressure pickup range. Even if the CM base pressure

had gone to the CM-SM shoulder pressure during separation, the pressure

wouid have declined only to 4. 5 psia, which is still above the range of
instrumentation.

The relationship between nondimensional wind-tunnel data and flight

pressures is:

PL = Cpq + P_

where PLis the local pressure measured by the pressure tap (psia), Cp is
the nondimensional pressure coefficient, q is the freestream dynamic pres-

sure, and Pm is the freestream ambient pressure. The dynamic and ambient

pressures used in this analysis are presented in Figures 7. 1-11 and 7. 1-1Z.

All pressures were biased to agree with ambient pressure at liftoff.

Typical pressure histories on the BP-ZZ flight are presented in

Figure 7. 1-61. The pressure analysis of the flight was divided into two

parts: (1) the launch phase, where the LEV is part of a launch configuration;

and (2) the abort phase where the LEV has the escape motor burning. No

attempt was made to analyze the LEV with canard extended because the LEV

did not tumble and it had slowed to the point where the pressures measured

were only slightly different from ambient.

Launch Vehicle Flight Phase. A comparison of six flight-test pressure

histories with pressures computed from wind-tunnel data is presented in

Figure 7. 1-62. In all cases a windward and a leeward tap at the same longi-

tudinal location have been compared. At T + 19 seconds, where the angle of

attack was positive, a detailed study of the pressure distribution was made

7. 1-13
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and compared to wind-tunnel data. Figure 7. 1-63 presents the pressure

coefficient for several rays as a function of the longitudinal station at T+ 19

and T+ 25.4 seconds. There is very good agreement except at Station 1080

where the pressures measured on all but one ray were somewhat lower than

wind-tunnel data. These pressure taps were installed in the transition step

from the hard cover to the soft cover (see Figure 7. 1-59). This step, about

i-I/4 inches, would tend to make the flow separate and hence give a low

pressure reading, especially on the windward side. This phenomenon was

observed each discrete time that was studied in detail. Although BP-23 had

a step in its boost protective cover, the angle of attack during launch was

never large enough for the step to significantly affect the pressure readings.

Also, BP-23 aborted at a high Mach number when the local pressure at

station 1080 is somewhat low; hence the step did not affect the pressures

significantly then, either.

Another detailed comparison of flight pressures and wind-tunnel

pressures was made at T+ 25.4 seconds. This particular time was chosen

because the angle of sideslip was zero, as determined by reading the taps in

the yaw plane. When taps at the same longitudinal station but on opposite

sides of the CM gave identical readings, the angle of sideslip was considered

to be zero. These data (Figure 7. 1-63) show that the angle of attack of the

CM was approximately -3 degrees, which was slightly more than the angle

(-1.7 degrees) indicated by the Q-ball. The zero-angle sideslip cases deter-

mined in this manner agree quite well with Q-ball data. Comparison of the

pressures from all the boilerplate flights to date is made in Figure 7. 1-64.

The data from BP-ZZ fell within the scatter-band determined in the BP-Z3

analy sis.

LEV Jet-On Phase. The pressure history of six taps from abort to

tower jettison is shown in Figure 7. 1-65 with wind-tunnel data from

Reference 17 placed on the curves. The pressure distribution over the

command module was analyzed in detail at two times. The times, below,

were chosen because the angle of sidesl! 2 was zero, as determined by the

yaw taps and the _ curve from the Q-ball. A pressure contour using wind-

tunnel data and showing pressures from BP-ZZ at T+Z8. I seconds, indicates

how the flight pressures compare with wind-tunnel data over the entire CM

(Figure 7. 1-66). The BP-22 pressures measured at Station 1080 are reading

low, as noted during boost. This particular time is the only time that the

LEV was at a positive angle of attack, with most of the taps on the windward

side. Another comparison of flight pressures and wind-tunnel pressures at

T + zg. 5 seconds is made in Figure 7. 1-67. This figure shows very good

agreement. Since the leeward pressures are not strong functions of angle of

attack, the vehicle attitude need not be known as accurately as for the

windward taps.

7. 1-14
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The earlier boilerplate flights indicated that the high-pressure regions

on the command module were more localized than the wind-tunnel data pre-

dicted. Figure 7. 1-68 is a typical plot of pressure coefficient as a function

of longitudinal station for RD__ and BP-!2. It shows two things very clearly.

First, since BP-IZ did not have a boost protective cover, the pressures

taken at station 1080 were not low as on BP-ZZ. Second, both vehicles show

that the high-pressure region on the CM has shifted slightly aft and is more

localized than wind-tunnel data predict. This phenomenon was noted at other

times and at other angles of attack and sideslip for BP-Z_, but is not shown,

since Figure 7. 1-68 is typical. Apparently, the difference in Reynolds nurnSer

or jet simulation between the tunnel model and the flight vehicle caused the

wake from the LES motor skirt to separate at a different angle and impinge

on the CM at a different point. Above Mach i. 3 this high-pressure region

disappears from both the wind-tunnel data and the flight vehicles, and hence

was no problem on BP-23 (reference 7, Figure 7. 1-81).

Boost Protective Cover Venting. BP-ZZ had four taps underneath the

boost protective cover to measure the pressures to which the cover was

vented and also to determine the pressure differential across the BPC.

Figure 7. 1-69 presents the pressure history of the four taps. Three of the

taps were located under the soft cover and should have been vented to the

shoulder pressure at the aft end of the BPC (Station 1017). The tap under-
neath the hard cover should have been sealed off from the soft cover and

vented to the parachute compartment, which in turn was vented to the CM

base pressure. When the jets came on, all four of these taps were predicted

to read below ambient pressure (Figure 7. 1-69). Instead, the magnitude of

the pressures increased. The tap nearest the shoulder indicates the pres-

sure immediately vented to base pressure as predicted. However, the other

three taps remained well above the predicted value for some 9 seconds. This

indicates a leak in the BPC. Since one tap was located under the hard cover,

it indicates that the transition ring seal also leaks. The apex cover volume is
vented to the base via a 1-inch-diameter tube. Since this was not sufficient

to vent the apex compartment, the leakage area must have been considerably

larger. The probable leakage area is around the pressure-tap installations.

After installation of the taps, the BI=C was removed and, when replaced, it

no longer fit snugly at each tap location. This misfit coupled with any

"breathing" the cover might do (as on BP-23) could give leakage at these

spots.

The following reasoning is provided to explain the structural failure of

the soft portion of the BPC at tower jettison. At jettison, the pressure taps

underneath the BPC indicate about 0.3 psi pressure differential across the

cover. This gives an axial load of 4000 pounds on the soft cover or 15.7 lb/in.

on the transition ring. If the cover remained rigid during pull-away, a base

pressure could develop and give a load of 6800 pounds or Z6.6 lb/in. It
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appears that the aerodynamic load is well below the design boost cover load

of 125 lb/in. However, this load is probably sufficient to hold the cover over

the pressure ports, which would act as shear lugs. In this situation, the

jettison motor thrust would be transmitted across the transition ring, causing

BPC failure. The pressure analysis of BP-ZZ was severely hampered by lack

of valid angle-of-attack and angle-of-sideslip histories (see Q-ball section for

details) during the period of analysis. Flight pressures had to he compared

with several wind-tunnel conditions until the angle of attack was determined.

Then, if an inconsistency still existed, one could never be sure whether it

was due to inaccurate angle of attack or to other phenomena. For this reason,

it is recommended that every effort be made to have valid angle-of-attack

histories soon after future flights.

Service Module and Parachute Compartment Venting

In flight, venting of the BP-ZZ SM was provided by eight 4. 5-inch-

diameter holes located uniformly around the adapter section between the

Little Joe II booster and the service module. Openings in the command

module aft heat shield around the six compression pads provided venting of

the command module into the service module during boost and into the LEV

base pressure region during abort. The seal at the base of the apex cover

allowed the free volume under the hard nose portion of the boost protective

cover to bleed into the parachute compartment. A small bulb-type seal was

located at the base of the transition ring between the hard and soft portions

of the boost protective cover to prevent flow under the soft portion. A 1-inch-

diameter tube extending from the parachute deck to the toroidal section at the

shoulder of the command module provided venting of the free volume beneath

the apex cover.

Flight trajectory data were used to perform a venting analysis to obtain

a predicted compartment pressure-time history for purposes of comparison

with measured pressure. Comparison of the service module pressure-time

history was not possible since abort occurred prematurely and pressures

within the compartment had not lowered to the range of pressure instrumen-

tation. However, instrumentation in the parachute compartment covered the

complete pressure range, and comparison of predicted to measured pres-

sures is shown in Figure 7. 1-70. Very good agreement was obtained between

the predicted and the inflight measured pressure-time histories of the CM

parachute compartment during the boost portion of the flight, but large dif-

ferences are shown during the abort phase. Indications are that the bulb-type

seal at the BPC transition ring functioned properly during the boost portion of

flight, but failed during the abort phase. A comparison of pressures at tap
CA0068P (under the hard portion of the BPC) and tap CA0070P (under the soft

portion of the BPC) shows that pressures were slightly higher under the hard

cover during boost, and that pressures in the parachute compartment varied

7. 1-16
cT_ __141 _i..,,a._ v ,.a -- v--v



NORTH .:. -:. • ""..........
• • • • • • • • • • • •
• • • • • • O0 • @0 • •

AMERICAN AVIAiI'IOIII¢ INC.- * Si_.Cl_a"bd IIN_(3_M._ION SYSTEMS DIVISION

as predicted. On this basis, it is concluded that no leakage occurred at the

seal during launch. Following abort, the parachute compartment pressure

should have decayed rapidly owing to venting of the low base pressure of the

LEV. However, the measured pressure shows an increase of 1. 2 psi in the

compartment during the first three seconds of abort. This indicates a mass

flow (most likely past the bulb seal) into the parachute compartment greater

than the mass flow through the vent tube out of the compartment. It is

apparent that as the pressure increased under the soft portion of the BPC,

the bulb seal failed to contain it; and as a conseqence the pressure increased

in the compartment.

Euler Angles, Aerodynamic Angles, and Dynamic Pressure

Comparison of Euler attitude angles, aerodynamic angles, and Q-ball-

derived dynamic pressure based on data obtained from primary and secondary
data sources was made. Data were obtained from telemetered a_titude and

rate gyro readings, telemetered Q-ball differential-pressure readings, optical

tracking information, and meteorological conditions. Discussions of the

operation of the various instruments and data reduction procedures involved

in obtaining the data presented herein are contained in Instrumentation and

Data Acquisition Analysis, below.

Euler Angles. Comparisons of vehicle roll attitude angle ($), pitch

attitude (e), and yaw attitude angle (¢), in the Euler ZYX system from three

data sources are presented in Figures 7. 1-71 through 7. 1-76 for two 4-second

periods of flight time, one during launch vehicle flight (T + 16 to T + 20

seconds) and one during LEV flight (T + 26 to T + 30 seconds). These data

are presented as received and show all discontinuities and extraneous data

points inherent in the data acquisition and reduction processes. Attitude

angles in the right-hand ZYX Euler system were obtained by conversion of

telemetered vehicle attitude and rate gyro data. Azimuth and elevation angles

(as defined by WSMR) derived from WSMK optical tracking data correspond to

yaw and pitch angles of the right-hand ZYX Euler system and are therefore

used for comparison with gyro data. To date, optical roll attitude data are
not available from WSMR.

Excessive vehicle roll rates necessitated the use of preliminary

film-read roll-rate values for use in integrated rate-gyro data reduction at

flight times beyond T + 20 seconds and addition of interpolated data points to

the attitude-gyro yaw and pitch data to provide enough measurements for data

reduction. WSMR optical attitude data are also considered preliminary, since

corrections have not been made for noncentering of the tracked image in each

frame. Therefore all vehicle attitude data available to date are preliminary,

and selection of a primary source of vehicle attitude data cannot be made. In

general, attitude angles derived from rate-gyro data show the smoothest
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curves and strongest continuity, while those derived from the attitude gyros
are the poorest of the three in this respect. During launch flight better
agreement is shown among the three data sources (optical, rate, attitude) than
during LEV flight, the differences increasing with increasing flight time.

Figures 7. 1-71 and 7. 1-7Z show vehicle roll attitude angle (_) during

launch and LEV flight. Roll attitude angle from the attitude-gyro data shows

a number of discontinuities which do not appear in the integrated rate-gyro-

derived data. During launch flight_ derived from the attitude gyros is con-

sistently higher and increases by approximately 80 degrees more than

integrated rate-gyro-derived_. During the 4 seconds of LEV flight shown,

attitude-gyro-derived _ is initially lower but increases by approximately

250 degrees more than_ from integrated rate data for this interval.

Comparison of pitch attitude angle (8) during four seconds of launch

flight in Figure 7. 1-73 shows a maximum 8 difference of approximately

6 degrees (neglecting extreme data points) between data sources. In general,

for the 4-second flight time shown, the three data curves show the same

trends. During LEV flight, however, Figure 7. 1-74 shows a difference in

8 of as much as 20 degrees at one point. Oscillation peaks in 8 occur within

1/Z second of one another, but 8 derived from integrated rate-gyro data

shows few small oscillations and shows only two of the three large peaks

disclosed in WSMR optical tracking and attitude-gyro-derived8.

Variations among the three sources of yaw attitude angle (_) of Z0 to

Z5 degrees were recorded during launch flight, and the same general trends

were present. These data are presented in Figure 7. 1-75. During the

4 seconds of LEV flight shown inFigure 7. 1-76, the level of the data varies

between 10 and 50 degrees. Similarly to 8 data, many of the small oscil-

lations shown by both WSMR optical tracking and attitude-gyro data do not

appear in _ derived from integrated rate-gyro data.

Aerodynamic Angles. Angle of attack (a) and angle of sideslip (6) are

shown in Figures 7. 1-14 and 7. 1-15 for flight times between T + 5 seconds

and tower jettison (T+ 40.4 seconds). These data were derived from tele-

metered Q-ball differential-pressure data (z_Pa, _P_, andZ_Pq). Also shown

are aerodynamic angles derived from analysis of command module (CM)

pressure distributions at selected flight times. Comparisons with aerody-

namic angles derived from optical tracking data combined with attitude-gyro

data and with integrated rate-gyro data have not been included, since the

variations shown in Euler attitude angle data (Figures 7. 1-71 through 7. 1-76)

would be compounded in the determination of aerodynamic angles.

Low dynamic pressure and large random scatter (relative to th_

differential-pressure level) in the _Pa, Z_P_, and Z_Pq data result in
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aerodynamic angles which may contain large errors during initial launch

flight times. Consequently, aerodynamic angle data are not shown prior to

T + 5 seconds. Aerodynamic angles at dynamic pressures below approximately

50 psf (T + 8 seconds) are a]so considered questionable but are shown since no

other data are available.

The data points shown in circles in Figures 7. 1-14 and 7. 1-15 are

aerodynamic angles derived from analysis of CM surface pressure data.

Comparisons of data from windward and leeward surface-pressure taps were

used to determine flight times when either _ or _ was zero. Comparisons of

CM surface-pressure distributions with corresponding wind-tunnel test data

were then used to obtain the other aerodynamic angles. In all cases, aero-

dynamic angles from the two sources agree within 2.5 degrees.

Figure 7. 1-14 shows oscillations in angle of attack throughout launch

flight with peaks's of +10. 8 degrees at T+ 15.8 seconds and -12. 1 degrees

at T + 17.7 seconds being attained. At abort initiation (T + 26.3 seconds}

is shown to be -3.9 degrees. Oscillations continued throughout LEV and

canard fiight with maximum _'s being - i 1.4 degrees at T + 28.6 seconds and

+5.9 degrees at 28. 2 seconds. Angle of attack at canard deployment (T + 37.4

seconds} is shown as -1.6 degrees, and at LES jettison (T+40.4 seconds},

1. 1 degrees.

Oscillations similar to those occurring above in _ are shown in

Figure 7. 1-15 for_. Maximum _ values of +I0. I degrees at T+ 17.0 sec-

onds and -i i.9 degrees at T + 18.4 seconds were attained during launch flight.

Angles of sideslip at abort initiation, canard deployment, and LES jettison

were +8. I, +2.6, and -0.4 degrees, respectively. During LEV flight, peak

_values were -9. 1 degrees at T+ ZT. 7 seconds and +5.6 degrees at T+ 29.0
seconds.

DTnamic Pressure. Figure 7.1-77 is a plot comparing dynamic

pressure (q} derived from optical tracking and meteorological data with q

derived from Q-bail differential-pressure data for flight times up to LES

jettison. Dynamic pressures below 35 psf are not shown, since the Ap.

readings are within the noise level of the instrumentation. The dashed-_ine

portions of the Q-ball q curve indicate flight times when a and _ exceeded the

Q-ball calibration range for determining q.

Mach-nurnber tables, for determining Q-ball q, start at Mach 0. Z and

increase every 0. 1 Mach number throughout the flight range. The Q-ball

data-reduction system does not provide for interpolation between Mach

number values when determining q. As a result, discontinuities are shown

in the q curve where the data jump to the next Mach number.
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Dynamic pressure derived from Q-ball differential-pressure data was

consistently 7 to Z0 percent below q obtained from the combination of optical

tracking and meteorological data, although good comparison between the

slopes of the two q curves generally exists throughout launch and LEV flight.

Tracking q, showing better agreement with flight simulation studies, was

used for flight analysis.

The lack of agreement between tracking and Q-ball-derived q is due

primarily to the large sensitivity of theA Pq measurement to scaling effects,
afterbody effects, vehicle attitude effects, and manufacturing errors (model

and orifice misalignments) in wind-tunnel calibration models and flight
vehicles.

Instrumentation and Data Acquisition Analysis

Q-Ball

Telemetered Q-ball differential-pressure data (Ap_, Ap_., Apq) were
obtained between liftoff and LES jettison. However, the dynamic pressure

was sufficient to provide valid angle resolution only after T + 8 seconds.

Differential pressures were smoothed using a seven-point least squares

digital smoothing routine. As received, the data had biases of -94 psf,

-71 psf, and-0. 1 psf in APa, AP_, and APq, respectively. Commutator

acquisition of APa and AP_ lagged the reading of APq by 0. 045 second. At
peak vehicle roll rates, this lag results in a difference in vehicle roll attitude

of approximately 14 degrees between readings of APq and readings of A Pa

and AP_. No attempt has been made to correct the differential-pressure data
to account for this difference in roll attitude.

Rate Gyros

Operation of all onboard rate gyros was satisfactory. Continuous

telemetered roll, pitch, and yaw rate data were obtained throughout the flight.

However, the vehicle roll rate exceeded the calibration range from T+ Z0 to

T+44 seconds. Roll-rate data during this time were derived from 16-ram

sequential tracking film and merged with rate-gyro roll-rate data. Fifteen-

point digital smoothing was applied to the data, and corrections were made

for bias values of 1. 34, Z. 06, and 0.94 degrees per second in roll, pitch,

and yaw rate, respectively.

Attitude Gyros

flight.
data.

Telemetered attitude-gyro data were obtained throughout the entire

Two gyros were used to obtain vehicle roll, pitch, and yaw attitude

Pitch and roll attitude data were obtained from one gyro, and yaw and

i
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roll from the other. All attitude-gyro data were recorded at ten samples per

second on commutated channels. To facilitate data reduction, yaw and pitch
attitude data were also to be obtained on continuous channels. Confusion

between measurement numbers for the gyro outputs resulted in two roll output

channels being erroneously connected to channels reserved for the pitch and

yaw outputs.

To reduce the attitude data in the form received, it was necessary to

smooth the continuous roll data using a Zl-point routine. The commutated

yaw and pitch data were interpolated to 20 samples per second by use of a

La Grange B-point interpolation program. This interpolation was necessary

in order to provide a sufficient number of data points for reduction of data

obtained during the excessive vehicle roll rates which occurred between

T + 20 and T + 44 seconds. These data were not smoothed, owing to errors

inherent in the smoothing of interpolated data, and were merged with the

continuous roll data to provide simultaneous roll, pitch, and yaw data at

20 samples per second. Bias values of -Z. 85 degrees and +0.9 degree were

applied to the pitch and roll data of gyro No. 1, and 0. Z degree to both

yaw and pitch data u_-_gyro No. 2.

WSMR Optical Tracking

WSMR optical tracking instrumentation measures only azimuth and

elevation angles directly. Therefore, roll-attitude angle data, not available

to date, must be obtained by reading the individual film frames. The optical

tracking data available to date are preliminary in that the errors due to

noncentering of the tracked image in each frame have not yet been corrected.

Command Module Accelerometers

All command module accelerometers functioned properly. The data

recorded were of good quality and without bias.

Tracking Data

Tracking data were obtained from both radar and optical sources.

Mach number and dynamic pressure derived from these data were in vast

disagreement throughout the escape vehicle flight phase. It was not feasible

to reconcile the discrepancy between the data. However, the optical data

appeared to be correct on the basis of preflight simulations and have been

used throughout this report.

Onboard Cameras

The command module camera functioned as programmed. However,

as camera starting time was defined by elapsed time rather than event, the

7. 1-Zl
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main parachutes were deployed and fully inflated prior to start of the camera.

The service module camera did not function, as its delayed start time was

longer than time to impact for the service module. The LES tower camera

system functioned as planned, exposing approximately 65 feet of film.

Because of the premature abort, escape-motor deposits covered the lens and
no data of value were obtained.

Pres sure Instrumentation

All conical-surface and base pressure instrumentation operated

throughout the entire flight. Four base pressure taps and the plume impinge-

ment taps mounted at the center of the apex were calibrated from 0 to 4 psia

and therefore were off scale during the entire flight. Conical-surface tap

(CA0055) malfunctioned periodically during the LEV flight. Pressure data

showed a bias at zero time which varied between -0.4 psia and zero. These

biases have been removed from the data presented in this report.

Conclusions

This section presents conclusions derived from the flight-dynamic and

aerodynamic analysis of the BP-22 flight. They are presented, in general,

following the sequence of events of the flight:

. The BP-22 flight was not representative of an abort from a Saturn

booster because of roll rates at initiation which were in excess of

Saturn emergency limits.

e Had the command module been manned, the crew would have been

recovered safely and would have suffered no lasting ill effects.

. The launch escape vehicle (LEV) performance was satisfactory and

was essentially as would have been predicted for the adverse abort

initiation conditions of the BP-22 flight.

1 The LEV power-on axial-force coefficients for the Mach-number

range of 0.75 to 1.0 as presented in reference 16 are high by an

increment of approximately 0.20.

. The canard subsystem performance was as would have been

predicted. The canard failed to accomplish the primary purpose of

LEV reorientation, but this failure is attributed to the excessive
roll rate which existed at abort initiation.
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10.

11.

The launch escape system, including the hard portion of the BPC,

was successfully jettisoned from the command module.

Long-term separation of the launch escape system relative to the

command module was satisfactory.

Jettison of the forward heatshield was completed satisfactorily

with no evidence of either short-term or long-term interference.

Flight-test pres sure data matched wind-tunnel-derived pres sure

data throughout the boost phase.

Flight-test pressure correlation with wind-tunnel data during the

LEV jet-on portion of the flight was reasonable.

Very good agreement was obtained between predicted and

measured parachute-compartment pressures during launch;

however, large discrepancies were noted following abort,

indicating leakage of the BPC transition ring seal.
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7.2 EARTH LANDING SUBSYSTEM

Summary

All components of the earth landing subsystem (ELS) functioned

correctly, resulting in descent and landing of the command module as

predicted under emergency conditions.

The canard surfaces were deployed 11.1 seconds after abort initiation,

but owing to the high roll rate (Z30 deg/sec) were ineffective. Thus the

launch escape vehicle (LEV) remained in an apex-forward attitude. Tower

jettison occurred 14.1 seconds after abort initiation, and the apex cover was

jettisoned from an apex-forward attitude 0.4 second later. The drogue

parachutes were deployed Z seconds after tower jettison at an altitude of

1% 472 feet, msl. At an altitude of approximately 11,100 feet, the drogues

were released and the pilot parachutes were deployed. The main parachutes

were pulled from the deck by the pilot parachutes, and opened to reefed and

disreefed conditions in a normal manner. Because of the high roll rate
induced under the emergency abort conditions, the vehicle motions were

more severe than are to be expected in spacecraft operation.

Abort was initiated at 12,344 feet msl. The recovery sequence

occupied a period of 260 seconds, culminating in a normal landing at an

altitude of approximately 4000 feet msl. Figure 7.2-1 shows the command

module and the parachutes after landing. Figure 7.1-3 illustrates signifi-

cant events during the recovery phase.

Subsystem Description

The earth landing subsystem for Boilerplate 2Z consisted Of the ELS

sequencer, two drogue parachutes, three pilot parachutes, three main

parachutes, and associated devices such as mortars, reefing-line cutters,

drogue disconnect, etc. The purpose of the earth landing subsystem was to

orient the command module to the correct attitude for landing and to lower

it safely to the ground.

Earth Landing Subsystem Controller (ELSC)

There were two identical ELSC's for Boilerplate 22, located on the

inside wall of the egress tunnel, each one containing baroswitches and time-

delay relays controlling the functions of the parachute subsystem. Each of

the two sequencers (Figure 7.2-2) contained parallel-series redundant
circuits.

m r
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Difference in local pressure sensed by the baroswitches and the actual

ambient pressure outside the spacecraft creates a difference in actual

parachute deployment altitude. This difference in pressure, with the apex

cover on, is due to the pressure lag in the 0.87-inch-diameter line

through the aft heat shield, connecting the parachute compartment with the

outside atmosphere. Since the mission was aborted at T + 26.3 seconds

(IZ, 344 feet altitude), the vehicle did not ascend far enough for the high-

altitude baroswitches to open (36,000 feet). Therefore drogue deployment

was initiated by the time delays Z seconds after tower jettison. The vehicle

did, however, ascend above the opening altitude of the low-altitude baro-

switches (16,400 feet). Deployment of the main parachutes was therefore

inhibited until closure of the baroswitches, which occurred at an altitude of

approximately ii, I00 feet, msl.

Drogue Parachutes

The function of the drogue parachutes was to stabilize the command

module in an aft-heat-shield-forward attitude and to decelerate the vehicle

to a rate low enough for safe deployment of the main parachutes.

The drogue parachutes were conical-ribbon types of 13.7 feet nominal

diameter and geometric porosity of 23 percent. The parachutes were actively

reefed to 39 percent of the nominal diameter for 8 seconds by two reefing

lines (redundant reefing) equipped with two reefing-line cutters per line.

Following severance of the active reefing lines by the pyrotechnic reefing-

line cutters, the parachutes were allowed to inflate to 6Z percent of their

nominal diameter. The mouths of the parachutes were restricted to this

limit by a permanent reefing line. The lower portion (180 inches) of the

drogue risers consisted of three strands of stainless-steel cable (9/32 inch

diameter per strand). The steel cable riser was dry-film lubricated and

potted in dry foam for stowage in the mortar can. The dimensions of the

drogue parachutes are given in Figure 7. Z-3.

The drogue parachutes were deployed by two separate mortars

(Figure 7.2-4) which were activated by the Z-second timer in the ELS

sequencer. The reefing-line cutters were designed to act 8 seconds after

line stretch.

The drogue parachutes were released from the command module by a

pyrotechnic disconnect device activated by closure of the low-altitude

baroswitch and designed to cut through the single-point attach fitting. The

disconnect fired simultaneously with the firing of the pilot-parachute mortars.

7.2-2
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Pilot Parachute s

The functions of the three pilot parachutes were to deploy the main

parachutes and to aid in the reefed infla_on of the main parachutes.

The

diameter

consisted

cable was

pilot parachutes were ringslot types with a 7. Z-foot nominal

(Do). The lower portion (108 inches) of the pilot-parachute risers
of one strand of stainless-steel cable 7/3Z inch in diameter. The

dry-film lubricated and potted in foam for stowage in the mortar.

The dimensions of the pilot parachutes are presented in Figure 7. Z-3.

The pilot parachutes were deployed by three separate mortars

(Figure 7.2-5), which were activated by the closure of the low-altitude

baroswitches in the ELS Sequencer.

Main Parachute s

The function of the three main parachutes was to decelerate the vehicle

to a rate compatible with safe recovery.

The main parachutes were 83.5 feet in nominal diameter, of ringsail

type with 75 percent of the fifth ring removed. The main parachutes were

actively reefed to 9.5 percent of the nominal diameter for a design time

period of 8 seconds, by two reefing lines (redundant reefing) with three

reefing-line cutters per line. Dimensions of the main parachutes are given

in Figure 7. Z-3. A two-legged harness assembly attached the parachutes to

the command module and suspended it at a hang angle of approximately Z6.5

degrees from the vertical.

Parachute Deck

The parachute deck differed from the Block I spacecraft configuration

in that the drogue mortar support ring, the pilot mortar support fitting,

and the deck attach fitting were boilerplate-type hardware. Also, there were

no recovery or location aids on the vehicle.

Sequence of Events

Preflight predictions of performance were based on an abort initiated

at T + 89 seconds. The abort was actually imitiated at T + Z6.3 seconds

because of structural failure of the Little Joe II Booster. The recovery

sequence proceeded as listed below:

7. Z-3
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Elapsed Time From

Event Liftoff, Seconds

Abort initiation

Canard deployment

Input from LES sequencer

Tower jettison

Drogue deployment

Drogue parachutes disreef

Drogue release and pilot mortar fire

Main parachutes line stretch

Main parachutes disreef

Main parachute full inflation

Landing

Z6.3

37.4

40.4

40.4

4Z. 5

5O. 6

84.8

86.9

94.6

98.7

30Z. 8

Flight Analysis

With the exception of two reefing-line cutters on the drogue parachutes,

all components of the earth landing subsystem operated correctly, and the

command module landed without incident.

The altitude and dynamic-pressure time histories for the recovery

sequence are shown in Figures 7. Z-6 and 7. Z-7. These figures show

satisfactory correlation between post-test analysis and actual flight data.

The high-altitude baroswitches did not open, since the vehicle did not

ascend above the minimum opening altitude of 36,000 feet. Tower jettison

occurred at T + 40.4 seconds at an altitude of 19, Z52 feet, and the apex

cover was jettisoned 0.4 second later. Two seconds after tower jettison,

at 19, 47Z feet altitude, the drogue parachutes were deployed. Command

module angle of attack and dynamic pressure at drogue initiation

(Figure 7. Z-7) were approximately 20 degrees and 85 psf. The vehicle

was rolling at a rate of approximately ZZ0 degrees per second at drogue

parachute initiation. This rolli_g motion continued throughout the drogue

interval, subsiding to 100eZ5 degrees per second. The vehicle motion

throughout the drogue interval consisted of random pitch oscillation and

yaw-roll coupling interactions. The steel portion of the drogue parachute

risers made contact with various components of the parachute deck during

the turnaround motion. This interaction is not considered applicable to

spacecraft wraparound criteria, owing to the high roll rate (rotation about

the X body axis) to which the drogue parachutes were subjected. The

maximum roll rate expected at drogue parachute deployment on spacecraft

is 50 degrees per second.

7.2-4
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The drogue loads were estimated from the known dynamic pressure

history and from empirically calculated drag area characteristics. Estimates

of total drogue load for reefed and disreefed conditions are 7500 pounds and

14, 000 pounds, respectively.

At 84.8 seconds the drogue parachutes were released and the pilot

mortars were fired. Altitude and dynamic pressure at this time were

estimated to be 11,100 feet and 4Z psf. The ivehicle was rolling at a rate

of 70 degrees per second at pilot-mortar fire. Oscillations in pitch and

yaw were approximately ±Z5 degrees at this time. The vehicle oscillations

were completely damped within 15 seconds after main parachute deployment.

The command module stabilized at an angle of attack of approximately 154

degrees. During initial deployment of the main parachute, the vehicle

oscillations were such that the main parachute harness made contact with

the drogue mortars. This contact caused abrasion through the protective

covering and into the felt padding of the harness legs. The drogue mortars

were also bent and torn. This damage is typical for main parachute

deployment under the off-limit conditions and is not considered serious.

Initial deployment of the main parachutes was synchronous, and all para-

chutes reached reefed inflation at approximately the same time. Disreef

of all three parachutes occurred almost simultaneously, and full inflation

was reached without incident.

No main-parachute loads were est/rnated because of loss of data just

prior to main parachute deployment. Deployment loads of the main

parachute under the low dynamic pressure of approximately 4Z psf are not

critical. The expected loads for the main parachutes under this dynamic

pressure are 3Z, 000 pounds total load when reefed, and 36, 000 pounds total
load when disreefed. These load estimates are consistent with acceleration

data obtained from the flight.

Steady-state descent began at approximately 8700 feet at T + 100
seconds. The terminal vertical and horizontal velocities are shown in

Figures 7.2-8 and 7.2-9. In the final ZOO feet of descent (T + 290 seconds

to landing), the vertical descent velocity decreased quite sharply. It is

theorized that this velocity decay was due to thermal currents produced by

the still-burning Algols and associated brush fires in the landing area,

assisted by contributing winds. This theory is supported by the photographic

coverage and by the minor nature of the damage to the aft heat shield.

Pendular oscillations of the system were negligible at landing. The

vehicle landed at an altitude of approximately 4000 feet, msl, at T + 30?. 8

seconds. Vertical and horizontal velocities at landing were 18 and Z0 feet

per second, respectively. Surface winds of approximately 19 feet per second

accounted for the horizontal component at landing.

SID 63-1416-6
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Equipment Analysis

Earth Landing Subsystem Sequencer

The earth landing subsystem sequencer functioned normally throughout

the entire period of flight. Post-flight checkout of the sequ¢:ncer verified
that no malfunctions had occurred and that all baroswitches and time-delay

circuits had operated within tolerances. Post-flight analysis show that

closing altitudes for the low-altitude baroswitches were within the predicted

limits.

Drogue-Parachute Subsystem

The drogue parachute subsystem functioned normally. There was no

apparent damage to the canopies or the suspension lines. The steel drogue
risers suffered minor abrasions from contact with the airlock, the gussets,

and the parachute deck. This damage was due to the off-design deployment

conditions; it is not considered applicable to spacecraft operation and is not

sufficient to constitute a hazard in the limit-load case. The 7. l-second

delay of the reefing-line cutters was within tolerance. Two reefing-line

cutters on parachute S/N 30 failed to fire even though the pins were pulled

(for more details refer to Section 7.8). Investigation revealed that the firing

pins were bent on extraction and bound on the side of the retainer on their

r.eturn travel. One reefing-line ring at gore seven was slightly deformed.

The ring may have been bent during packing, but the deformation was not

considered to have any effect on this flight. Drogue clevis attach bolts made

contact with the airlock, slightly deforming the clevises and causing them to

be frozen in the fitting. This did not degrade the fitting, and no function was

impaired. The drogue-parachute disconnect performed as planned.

Pilot-Parachute Subsystem

The pilot parachutes and their associated hardware functioned normally

without failure or damage. There was, however, a kink in the steel riser

and a permanent bend at the clevis fitting. Ultimate-strength tests are

currently being conducted to determine the extent of degradation to the steel

riser assembly resulting from these problems.

Main-Parachute Subsystem

The main parachutes and their associated hardware functioned normally.

The 7.7-second time delay of the reefing-line cutters was within tolerance.

The main-parachute damage was as follows:

Parachute Number 1 (Serial Number 46)

Gore 30: Both reefing lines were jammed in the reefing

7.2-6
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Parachute

Gore 57:

rings at their splices. This is normal and does

not affect parachute operation.

Number 2 (Serial Number 47)

One reefing ring was bent.

Parachute

Gore 15:

Gore 49:

Gore 57:

Number 3 (Serial Number 48)

Reefing ring was missing.

Reefing ring was bent.

Both reefing rings were bent.

Nicks and burrs were found on numerous reefing-line rings on all parachutes.

The bent reefing rings did not affect parachute operation. The remain-

ing damage is normal and is commonly encountered in drop tests. There were

numerous snags in the canopies and suspension !ines caused by contact with

the ground and brush after landing. Figures 7. Z-10 through 7. Z-13 show the

post-flight condition of the parachute deck after landing.

The main-parachute harness legs made contact with the drogue para-

chute mortars, bending and tearing the mortar edges (Figures 7. Z-10, 7. Z-ll,

and 7.2-12). Contact of the main-harness legs with the drogue mortars

caused abrasion through the protective wire covering and into the felt padding.

The protective wire and fabric harness coverings are expendable, and the

resultant abrasion damage did not degrade the harness. This type of damage

is expected for deployment under the conditions that existed.

Conclusions

The following conclusions are drawn from the performance of the earth

landing subsystem on Boilerplate 22:

(z) Satisfactory operation of the earth landing subsystem was

demonstrated under more severe conditions than are expected

during spacecraft operation.

(2) Satisfactory operation of the earth landing subsystem sequencer
was demonstrated.

7.2.-7
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7.3 AEROTHERMODYNAMICS

Summary

Heat-flux and temperature measurements on the LES tower and the CM

boost protective cover were made during LES rocket firing using calori-

meters and temperature-sensitive paint specimens. Maximum heating rate

to the tower was 39 Btu/sq-ft-sec and to the CM 16 Btu/sq-ft-sec. Because
of the low abort altitude the desired test conditions were not attained and no

direct plume impingement was experienced during the full-thrust burning

period of the rocket. Correlation of test results with analytical radiative

heating predictions shows good agreement.

Measurement Locations and Data Presentation

Calorimeters and Thermocouples

Figure 7.3-1 shows the location of the calorimeters on the command
• J.Lmodule. _lx of the thirteen transducers were located on L_,e hard boost cover

forward of station X C 81; seven were located on the crew compartment heat
shield. All were mounted so as to be flush with the surface of the boost

protective cover (see Figure 7.3-2). Locations of calorimeters and thermo-

couples on the LES tower are shown in Figure 7.3-3. The sensing surfaces
of the tower calorimeters were flush with the Buna-N tower insulation. The

three thermocouples were installed underneath the Buna-N insulation to

record the temperature of the titanium tower members during LES firing.

The ranges for the instruments had been selected on the basis of pre-

dicted heating conditions during a high-altitude abort where the command

module and the tower would have been engulfed by the LES plumes. Heating

rates experienced during the actual low-altitude BP-2Z abort were approxi-

mately 10 percent of these predicted values.

Figure 7.3-4 shows measured heating rates on the command module

for the period between LES ignition (T + 26.3 seconds) and tower jettison

(T + 40.6 seconds). The LES motor was at full thrust for approximately

2 seconds after ignition. At T + 30 seconds, the motor chamber pressure

had dropped to about 50 percent of the design value, and at T + 34 seconds

it was essentially zero. Figure 7.3-4 shows that peak heating rates occurred

during the high-thrust period along the Z axis at X C stations up to 60. At all

other calorimeter locations, the peak heating rates were reached during the

tailoff burning period of the rocket when flames licked the boost cover and

tower legs. For the actual abort altitude, plume impingement on the com-

mand module or the tower was not to have been expected. This was confirmed

by the measurements. The recorded heating rates were only a small

fraction of those predicted for direct plume impingement during the planned

7.3-I
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high-altitude abort. Heating during the high-thrust period of the motor was

caused principally by radiation from the plume and to a small extent by

convection due to the mixing of the plume with the surrounding air.

Distributions of heating rates over the command module along the +Z

and -Z axes at discrete times during high-thrust burning are shown in Figure

7.3-5. Also noted on this figure are the angles of attack corresponding to the

data points as obtained from Q-ball data. Angle-of-attack effects are most

pronounced towards the CM-SM junction, while the effect is small towards

the CM apex. The difference can be attributed to plume bending, which is

most evident at lower values of X C. It can be noted that at an angle of attack

of -4 degrees, heating on both sides is about equal. Angle-of-attack effect

and the difference in nozzle sizes at the +Z and -Z sides seem to cancel each

other at this angle of attack.

Figure 7.3-6 shows heating rates on the tower legs. Peak heating

occurred during the tailoff period of rocket burning and was only about 10

percent of the predicted values for a high-altitude abort with direct plume

impingement. The three thermocouples attached to the tower structure

indicated no rise in temperature during or after LES firing.

Temperature-Sensitive Paint

Figure 7.3-7 shows the locations of the paint samples on the hard and

soft portions of the boost cover. It also shows which samples were recovered

after the flight and the maximum temperatures which were experienced. The

samples consisted of 0. 050-inch-thick stainless steel strips to which Tempilaq

paint was applied as shown in Figure 7.3-7. The temperature range covered

was from ZOO F to 1500 F for the samples at X C >40 and from 800 F to

1500 F at station X C ZZ. ZS. Tempilaq indicates temperature by melting,

and at the same time, by turning from an opaque to a translucent state. If

applied in a thin layer, its heat capacity is small and it gives a good indica-

tion of the stainless-steel temperature. The recovered paint samples were

all sooted, and some of them showed signs of abrasion experienced during

ground impact. Nevertheless, valid temperature readings could be obtained.

Maximum temperatures at locations shown in Figure 7.3-7 were between

300 F and 400 F at the +Z and -Z sides of the hard boost cover (samples H-I

and H-3) and at station X C = 75 at the -Y side (sample 5). At the other

locations temperatures between Z00 F and 300 F were observed. Under the

assumptions of (a) an initial temperature of 60 F, (b) indicated temperature

equal to plate temperature, (c) an effective heating period of 5 seconds, and

(d) no heat losses to the cork boost cover, the maximum temperatures of

Z00, 300, and 400 F correspond to 7.9, 13.5, and 19.0 Btu/sq-ft-sec,

respectively. These rough numbers show fair agreement with the heating

rates measured by the calorimeters.

7.3-2
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Flight Test Data Correlation

The maximum heating rates from the LES plume would be experienced

o_n_the LES tower and boost cover when the plume impinges directly on these

components during the period of maximum thrust. This phenomenon,

therefore, constitutes a design condition and will occur at high altitudes

for any angle of attack and at lower altitudes for high angles of attack. For

the case of direct plume impingement, heating results from convection and

from radiation (primarily from the solid aluminum particles in the plume).

Observation of pressure measurements on the boost cover and photo-

graphs of the flight indicated that no direct plume impingement occurred

during the maximum-thrust period for the premature BP-22 abort. There-

fore the test did not provide a proof for the design heating rates that have

been specified for the LES tower and boost cover. However, it is believed

that the heating data are still quite useful, since they can be used to establish

the level of radiative heating experienced from the solid aluminum particles

in the plume. For the BP-22 abort conditions, the heating during the time

of maximum thrust is due primarily to radiation from the solid aluminum

particles and to a lesser degree to convection from the mixing in the shear

layer; the analysis that follows, therefore, will pertain primarily to estab-

lishing the magnitude of the radiation and the parameters that affect it.

Only the data from the calorimeters on the +Z and -Z axes of the CM

were correlated. Since the majority of information available on solid-rocket

engine plumes is based on the engine at full thrust, that will be the period

considered in this analysis. During that period 15 heat-flux measurements

from 5 calorimeters were analyzed in three time segments beginning at

T+ 26.622 (_= -10.4°), T+ 28.164 (a =+5.8°), and T+ 28.934 (_= -5.0°).

Angle-of-sideslip effects during that period were considered to be negligible.

A heat balance at the calorimeter surface gives

Clmeasured = Cl "_adiative + Cl convection (1)

The radiative flux is determined by

¢tr = F_c pTp 4 = _vn - qc (2)

where

F = shape factor

ep = emissivity of solid particles

Tp = mean particle temperature
= Stephan Boltzman constant

7.3-3
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Cirri = Cl measured

Clc - Cl convective

4tr = _t radiative

In equation (Z) above, the emissivity is probably the best-known factor,

since Morizumi and Carpenter (reference ii) indicated that this parameter

remains approximately constant for varying particle temperatures. Fontenot

(referencelZ) from his analytical and experimental work found the emissivity

of solid particles downstream of the exit plane of the nozzle to be 0.35. This

is the value of emissivity assumed herein. The shape factor at each calorim-

eter station was determined using an infinite-length cylinder as the model.

The outer cylindrical boundary was estimated from sketches made from the

flight photographs (see Figure 7.3-8).

The most important and most complicated parameter to determine is

the mean temperature of the particles downstream of the exit plane of the

nozzle. Morizum[ and Carpenter have analyzed solid-propellant plumes at

high altitudes and found that the heavier aluminum particles stay closer to

the center line of the nozzle while the smaller particles follow the stream-

lines of the gas. The heavier particles tend to stay at approximately 4000 R;

the smaller particles tend to follow the gas temperature, which is approxi-

mately ZI00 R. Bailey(reference 13) has shown that particles Z microns in

diameter are at approximately 3000 i_ at the exit plane of the nozzle for a

solid-propellant motor similar to the launch escape motor.

Since the particle temperature is of major importance in determining

the radiative flux, equation (Z) was first solved for this temperature. For

this computation two flight times were selected where the vehicle was at its

extreme angles of attack. At these attitudes it was assumed that the plume

was far enough away from the body on the one side for the convective flux to

be negligible (qc = 0). The mean temperature of the particles was then

determined by

P

(3)

The results of the temperature calculation are shown in Figure 7.3-9.

Four out of five calorimeters yielded a particle temperature between 2840

and 2860 R over the X C range. The fifth calorimeter, which appears to have

given a low reading, yielded a particle temperature of 2700 R. These tem-

perature results are in good agreement with the data reported in the literature

(references 11, 13).

The temperature results obtained above were then used to compute the

radiative flux for angle-or-attack conditions where the convective flux was

7.3-4
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assumed to be finite. For these calculations, the mean particle temperature

was assumed to be constant at a value of Z860 i_. The effect of this assump-

tion is illustrated in Figure 7.3-10, where the plume is farthest from the

body and the radiative flux line would pass exactly through the data points if

the locally computed temperature had been used instead of the constant value

of Z860 R. Figure 7.3-11 illustrates the case where the plume was closest to

the body and where the convective flux would be expected to be maximum for

the cases considered. Figure 7.3-IZ shows the case where proportionately

less convective heating was experienced because of the increased distance

between the plume and the body. In Figures 7.3-11 and 7.3-1Z it was con-

cluded that the difference between the measurements and the computed radiative

flux was due to convection. However, an independent estimate was made of

the convective flux for these cases based on the results shown in references

14 and 15. These estimates indicated the convective flux would amount to 1 to

3 Btu/sq ft-sec. This agrees fairly well with the values shown in Figures

7.3-II and 7.3-IZ and further justifies the method used for determining the

radiative flux.

Conclusions

The LES plume impingement heating rates experienced during the BP-22

flight were only a small fraction of those predicted for the planned high-

altitude abort. No thermal design and analysis verification for SC com-

ponents designed for high-altitude abort conditions could therefore be

obtained. Spacecraft 00Z, which is scheduled for an abort altitude of

approximately 58,700 feet, will yield only part of the required information,

since its instrumentation was selected to give supplemental information to

the BP-ZZ results.

Correlation of flight-test radiative heating rates was analytical methods

showed good agreement when solid-particle temperatures of Z860 R were

used.
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Summary

The command module structure functioned satisfactorily during the

launch phase of the flight. The high rate of roll imposed approximately

7 g radially on the peripherally positioned equipment in the command module.

During abort the LES motor accelerated the command module to approxi-

mately 8 g. Drogue deployment imposed approximately Z. 5 g acceleration

on the command module. The main-parachute resultant acceleration on the

command module was approximately 4.5 g. The forces on the structure

resulting from these accelerations were well within the design loads.

The earth landing subsystem, using the two-point harness attachment

to the forward deck for the main parachutes, was successfully demonstrated

with only minor damage to the forward compartment. The CM dynamics did

result in the drogue parachute risers abrading the forward lip of the egress

tube. Crushing of the drogue parachute mortar canisters resulted from

contact with the _m_ain-parachute bridle harness. The protective covering

on the harness also sustained minor damage during contact with the canisters.

This damage to the canisters and the protective harness was expected . The

successful recovery of the CM was not impaired by such damage. Minor

damage was sustained by the aft heat shield from contact with debris upon

landing.

The service module performed satisfactorily during the flight and did

not sustain any reported damage until ground impact.

No structural revisions are required for succeeding boilerplate

flights on the basis of this test flight.

Subsystem Description

The Boilerplate ZZ structure consisted of a spacecraft launch escape

system, utilizing canard and boost protective cover, a boilerplate command

module, and a boilerplate service rnodule with a 10=inch extension containing

an 8500-pound General Dynamics ballast plate.

Launch Escape Tower

The launch escape tower was a welded tubular titanium-alloy structure

in the shape of a truncated rectangular pyramid approximately 120 inches

long and 46 x 50 inches at the base. A titanium skirt mounted to the top of

the tower formed an attachment for the launch escape motor. The tower

had provisions for attaching the boost protective cover to the lower tower

.._ _-,_#.IL_ _ _,_, 7.4-I
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section. The tower was attached to the command module by four single-mode

explosive bolts (one at the base of each tower leg) which were detonated at

the time of tower jettison. A coating of Buna-N on the tubular members and

a coating of Thermo-Lag T-500 on the skirt provided protection from aero-

dynamic heating.

Canard Subsystem

The canard subsystem consisted of two aerodynamic surfaces linked

mechanically to a pyrotechnically actuated thruster which was energized

after abort to deploy the aerodynamic surfaces and effect turnaround of the

launch escape vehicle. The canard system was attached to the structure

at the forward end of the pitch control motor. Provisions for addition of

ballast to the launch escape vehicle were incorporated in the canard structure.

Boost Protective Cover

The boost protective cover was fabricated in two main sections

consisting of a forward hard section and an aft soft section. The hard

section was fabricated of fiberglass face sheets and core sandwich. The

soft section consisted of eight separate sections of cork bonded to glass

cloth, each of the eight sections attached to one another and to the aft ring

of the hard cover with bolts. The soft cover rested against the surface of

the command module. The complete assembly was attached at hard points

in the hard cover to the adjacent tower legs. The boost protective cover

protected the command module from aerodynamic heating during the boost

phase only and was jettisoned with the tower after abort.

Ballast

Ballast weighing 401 pounds was added to the launch escape subsystem

during buildup to provide a desired launch escape vehicle X center of gravity

of 1155 inches.

Command Module

The command module was a semi-monocoque aluminum structure

which simulated the size, shape, weight, and center of gravity of the manned

operational spacecraft. Its shape was approximately conical, with a height

of 135 inches and a base diameter of 154 inches. The exterior surface was

covered with cork to protect the aluminum structure from aerodynamic

heating. The simulated aft heat shield was a honeycomb sandwich structure

consisting of laminated fiberglass face sheets and aluminum core. Further

7.4-2
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to simulate the spacecraft configuration, two simulated scimitar antennas

and an umbilical fairing were added to the outer surfaces of the command

module. This module incorporated the first use of the two-point main

parachute suspension system on the forward deck.

Service Module

The service module was a cylindrical, semi-monocoque steel structure

154 inches in diameter and 124 inches in length. Primary structure consisted

of six longerons, a forward ring frame, an aft ring frame, and 0. 134-inch-

thick skins. Intermediate ring frames were used to stabilize the skin. The

service module was attached to the command module by three tension ties

and six compression pads at the forward ends of the longerons. Inflight

separation was provided by pyrotechnic cutting of the tension ties.

Service Module Extension

The service module extension was fabricated from mild steel and

.......... an upper ring frame with provisions for bolt =t+=c _=_+ +_ +_=

service module, and a lower box frame with provisions for bolt attachment

to the Little Joe II launch vehicle. Skin panels connected the two frames

to form the extension i0 inches in length and 154 inches in diameter.

Provisions were also made to allow a General Dynamics ballast plate,

weighing 8500 pounds, to be sandwiched between the extension and the Little

Joe II launch vehicle.

Flight Loads

Flight loads were not significant owing to premature abort at a much

lower altitude and dynamic pressure than planned.

Flight Performance

Canard Subsystem

The canard surfaces deployed normally at the correct time, although

the surfaces were ineffective because of the high roll rate. Actuator link

loads of 9800 pounds measured at deployment were well within the design

capability.

Launch Escape Tower

The escape tower performed satisfactorily. Test data from the flight

indicate that the tower loads were not as severe as the design conditions.

There was no evidence of structural failure or yielding during the test.

7.4-3
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Boost Protective Cover

The boost protective cover performed within the limits of the design

criteria. There was no apparent failure of the forward boost cover.
Pressure differentials measured across the forward cover were considerably

less than design pressures. The aft boost protective cover remained intact

during thePboost and the abort phases of the flight, and was torn up during

the tower jettison sequence. Failure of the aft cover at the forward cover

attachment ring was initiated by a load transfer from the LES to the command

module through the boost protective cover after jettison motor ignition. This

conclusion is substantiated by a sudden increase in command module accel-

eration at jettison as measured by the low-level accelerometer. The l_ad

transfer was caused by a low pressure which developed under the boost

cover at jettison initiation. This momentary pressure drop is apparent in

many of the surface-pressure readings. Cover hangup on the instrumentation

protuberances on the command module surface was probably responsible for

most of the load transfer (see subsection 7. 1).

The aft cover separated from the command module during jettison as

required. Motion pictures of the flight do not reveal any recontact between

pieces of the cover and the vehicle.

Command Module

The comman_ module was instrumented to obtain data on base pressure,

conical-surface pressure, internal pressure, internal temperature, and

X, Y, and Z accelerations. Motion-picture coverage from cameras on

board the command module and the LES tower was incomplete because the

camera time delay was longer than the actual time of abort and recovery.

Range cameras did supply additional information. Sti11-photography coverage

was provided of the structure after landing. This was the first flight test

using the two-point harness attachment for the main parachutes. The harness

was attached to the forward deck at the -Z side. Previous flights were made

using the four-point harness attachment at the forward end of the egress

cylinder.

An analysis of the aerodynamic data indicated relatively low flight

loads during launch due to the low altitude and velocity at which the premature

abort occurred. Photographs of the command module taken after landing

revealed the following areas of damage during the recovery phase of the

flight (see also subsection 7. 2).

The lip of the egress tube on the -Z axis experienced abrasions. This

was reported by on-site inspection of the command module after landlng.
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Minor fraying of the steel riser for the drogue parachutes just above the

clevis fitting indicated that they were responsible for these abrasions. These

abrasions were not detrimental to the successful recovery of the vehicle.

The main-parachute riser confluence fitting was dented at one edge.

This indentation was found to c Jincide with damage to the drogue disconnect

shaped- charge holder.

The drogue mortar canisters were damaged at the upper edges by

contact with the main-parachute risers. The risers experienced fraying of

the wire and the plastic covering protecting the riser from contact with the

canisters. Damage to the canisters was acceptable, as they served no

purpose after drogue deployment. The damaged canisters did not impair

the successful operation of the main parachutes , as adequate protection had

been provided for the nylon risers, preventing serious damage by the
canisters to the risers.

Static loads resulting from drogue parachute riser contact with the egress

structure were ............ the des n _v...-_._*-_+.v.-_1_=A_.Damage *,-,._*h,_....command

module was owing to severe command module dynamics, primarily the high

roll rate induced by the LJ-II control system malfunction. This dynamic

condition was more severe than the design limits allowed by the spacecraft

emergency detection system.

The aft heat shield was displaced laterally approximately 1/2 inch

toward the -Z axis by the landing. There was no major damage. Some

minor damage was inflicted by detonation of tension ties and by objects

struck upon landing.

The simulated umbilical fairing on the -Z axis was torn loose at the

attachments by the 1/2-inch shift of the aft heat shield.

Service Module and Extension

The SM pressure data were normal for the low altitude at which abort

occurred. The service module did not break up after separation on this

flight as it had on previous flights. This was due to the lower dynamic

pressure and to the effect of the 8500-pound ballast plate. The service

module remained in one piece upon ground impact. The General Dynamics

ballast plate was found in one piece adjacent to the service module. There

was no evidence of damage to the interface between the command module and
the service module.
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Conclusions

The conclusion drawn from the review of the flight data is that the

BP-22 flight performance was structurally satisfactory. The structural

damage sustained during earth landing system operation was of a minor
nature and constituted no detriment to the satisfactory recovery of the

vehicle. This flight resulted in a very satisfactory operation of the new

two-point deck harness attachment for the main parachutes.
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7. 5 STRUCTURAL DYNAMICS

Summary

The acoustic data from Boilerplate 22 provide further verification of

previous flight and wind-tunnel tests.

The spectrum shape of the command and service module vibration data

was in general agreement with previous ground-test and flight-test data.

Because of the early abort, the vibration levels obtained are not represent-

ative of those which would have occurred during the programmed abort.

The limited range of the spacecraft and tower accelerometers and the

system noise level caused difficulty in obtaining data from body bending

re sponse.

Acoustic s

The acoustic environment around the SM, generated oy bo=,,,_ary-,aye,

effects during atmospheric flight, was measured by nine fluctuating-pressure

transducers. These transducers were mounted flush with the SM surface

in the locations shown in Figure 7.5-I. The acoustic data were reduced as

overall and one-third octave-band histories of sound-pressure level between

launch and abort.

Overall sound-pressure levels, measured longitudinally along the SM

in line with the RCS quad {radial direction 277 degrees), are shown in

Figure 7.5-2. The highest levels characteristically occur just aft of the

CSM interface, owing to onset of boundary-layer separation as the flow

becomes transonic. One-third octave-band spectra for these locations,

measured just prior to abort (T + 26 seconds), are shown in Figure 7.5-3.

Three transducers were located in an area of unimpeded flow {radial direc-

tion, 127 degrees). The maximum longitudinal variation of one-third octave-

band spectra at these locations is shown in Figure 7.5-4. Spectra for three

transducers at radial direction 265 degrees (IZ degrees to the side of the

RCS quad) are shown in Figure 7.5-5. The circumferential variation of

one-third octave-band spectra is shown in Figures 7.5-6, 7.5-7, and 7.5-8.

These data provide further verification of previous flight and wind-tunnel

tests, as no contradictions have been encountered. A comparison with

previous data is shown in Figure ?.5-9.

A localized high sound-pressure level occurs immediately behind the

RCS quad at T + 17.5 seconds. The one-third octave-band spectrum is

shown in Figure 7.5-10, compared to a spectrum in a freestream area.

This is a transitory effect, occurring as the normal shock wave passes along

the vehicle and interacts with the boundary layer at the RCS quad. The effect,

7.5-I
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lasting approximately one second, is to raise the level as the shock wave

passes and to shift the spectrum to predominantly higher frequencies. This

level, however, does not approach those at the CSM shoulder.

Vibration

Four accelerometers were mounted on the command module and thirty

on the service module to measure the dynamic response of the structure to

mechanical, acoustic, and aerodynamic excitation. The usefulness of the data

for comparison with BP-13 and BP-15 flight vibration data was limited by

(i) the abbreviated nature of the flight, (2) the steel construction of the

boilerplate SM as contracted with the aluminum construction of the spacecraft

SM, and (3) the limited bandwidth of a majority of the telemetry channels.

Also, the data cannot be compared to vibration levels predicted for space-

craft structures because of the differences in spacecraft and boilerplate

vehicle construction.

The command and service module accelerometer locations and the

frequency bandwidth for each telemetry channel are shown in Figures 7.5-II,

7. 5-12 and 7. 5-13.

Figure 7.5-14 presents the rms acceleration history recorded by

command module vibration measurement CAZ52ID. Important events and

phases of the flight are noted. Prior to abort, the rms acceleration is seen

to follow the normal pattern: a high vibration level at liftoff due to Algol

rocket motor noise, followed by gradual decrease as the vehicle moved away

from the noise reflected from the ground and launch pad, and finally the

gradual increase associated with the increasing boundary-layer turbulence

in the transonic region. The greatest vibration is seen to occur during

launch escape subsystem operation (Figure 7.5-14, sheet i). Command

module vibration measurement CA25ZlD is representative of all the command

module vibration measurements up to drogue-parachute deployment.

Following drogue-parachute deployment, transient vibrations at high

force levels occurred at intervals of approximately 0.6 second (Figure 7.5-14,

sheets 2 and 3). Similar transient behavior was observed at the other accel-

erometer locations, but at lesser magnitude. The relative magnitudes of the

transients indicated by each accelerometer are illustrated in Figures 7.5-15

and 7. 5-16. The acceleration at 37.5 g, shown by measurement CA252ID in

Figure 7. 5-15, was the maximum indicated during drogue operation. The

cause of the transient vibrations has not been determined at this time. How-

ever, since they are present only during drogue operation they are probably

a result of the violent oscillations and the high roll rate of the command

module during this period. Because of the abnormal command moddle move-

ment, which would not occur during an abort near EDS limits, the transients

are not expected to be present in a mission abort.

7.5-2
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Acceleration spectral density analyses were perforrc.ed on the command

module vibration data at the times indicated on Figure 7. 5-14, sheet i.

Data samples of i. 0-second duration were used, and were analyzed over an

averaging time constant of i. 0 second. A similar procedure was used for

acceleration density procedures performed on service module vibration

data. The samples from i0 to 50 cps were swept at 0. 5 cps/sec with a

filter bandwidth of 2. Z cps; the CM samples from 150 to 2.000 cps were

swept at 5.0 cps/sec with a filter bandwidth of 14 cps; and SM samples from

150 to i000 cps were swept at 5. 0 cps/sec, also with a filter bandwidth of

14 cps. Because of a low signal-to-noise ratio, the acceleration spectral

density below 20 cps should be disregarded.

Figures 7.5-17 and 7.5-18 are representative of the CM radial and

axial vibrations at liftoff. The shape of the vibration spectrum at liftoff is

generally the same as that seen during launch escape subsystem operation,

shown in Figures 7.5-19 and 7.5-20. The response at 1200 to 1300 cps

during liftoff becomes predominant at all accelerometer locations during

launch escape subsystem operation (Figures 7.5-19 through 7.5-22).

A representative service module rrns acceleration history and associ-

ated flight events are shown in Figure 7. 5-Z3. Prior to abort, the accel-

eration is seen to follow the same pattern as on the command module.

Because of the early abort, data were unobtainable for most of the transonic

and all of the anticipated high-dynamic-pressure portions of the flight. This

prevents comparison with BP-13 and BP-15 vibration levels at these critical

periods.

Figures 7.5-Z4 through 7. 5-Z9 are representative of the level and

spectrum shape of the vibration of the service module ring-frame structural

members. It should be noted that vibration measurement SA0906D had too

high a sensitivity and, as a result, the data at liftoff (Figure 7.5-Z4) and

T + 24 seconds (not shown) was clipped. This channel indicated the maximum

rms acceleration recorded on the service module during the flight

(Figure 7. 5-24).

Figures 7.5-24 through 7.5-Z9 show responses of the service module

structure at 40, 90, and 150 cps, and the major response at 300 to 350 cps.

The latter response was attenuated by the roll-off of the 2Z0-cps low-pass

telemetry filter to the values shown in Figures 7.5-Z6, 7.5-27, and 7.5-28.

Thus the response should be somewhat higher than that shown in these

figures. The 300-to-350-cps response was also observed during the flights

of Boilerplates 13 and 15.

Figures 7.5-30 through 7. 5-33 are representative of the response of

the reaction control engine assembly during the flight. The data represent

7.5-3
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the response of a fiberglass nozzle formed around a steel plug which occupies

the throat and combustion chamber areas of the dummy rocket motor. The

steel plug terminates in a bolt flange in the area normally occupied by the

injector assembly. This flange was in turn bolted to the sheet-steel, dummy

reaction control assembly housing. This boilerplate-type construction pre-

vents comparison with the flight vibration data from the spacecraft-type

configuration RCS engine assembly on Boilerplate 15.

Lateral Modal Response

The range (±10 g) of the spacecraft and tower accelerometers (CA0005A,

CA0007A, LA0011A, and LA001ZA) and the system noise level caused diffi-

culty in obtaining data on body-bending response. A low-level response at

approximately 11 cps was noted during the initial phase of the flight. The

level of the response could not be determined because of the intensity of the

system noise. At abort, the tower accelerometers exhibited a transient of

approximately 10 cps. The maximum response in the Z axis exceeded 10 g

single amplitude for one cycle. This response decayed to below 2.0 g

{peak-to-peak) within 5 seconds.

Axial Re sponse

The axial vehicle response frequency could be determined only at

liftoff because of the intensity of system noise. At liftoff the transient

response was at approximately.16 cps. The level exceeded the ±Z g

capability of the low-level accelerometer.

The acceleration decayed within 2 seconds to a level which was

indistinguishable from the signal noise.

7.5-4
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Service Module :

System No.*

Measurement

List No.
Telemetry Channel

Bandwidth (cps)

1 SA0880 160

2 SA0881 220

3 SA0882 330
A SA0883 160

5 SA088_ 220
6 SA0885 330
7 SA0886 160

8 SA0887 220

9 SA0888 330
IO SA0889 160

ll SA0890 220

12 SA0891 330
13 SA0892 160

14 SA0893 220

15 SAO89& 330
16 SA0895 160

17 SA0896 220

18 SA0897 330
19 SA0898 160

20 SA0899 220

21 SA0900 330
22 SA0901 160

23 SA0902 220

24 SA0903 330
25 SA090A 160
26 SA0905 220

27 SA0906 330

28 SA0907 220

29 SA0908 330

30 SA0909 _50

*Refers to numbers shown on Figure 7.5-ii

Command Module:

All Command Module vibration sensing systems were capable of monitoring

and recording vibration at frequencies up to AO00 cps. The data was
recorded on an onboard tape recorder located in the Command Module.

FIGURE 7.5-13 TABLE OF FREQUENCY RESPONSE LIMITS

OF VIBRATION MEASUR_T _ST_S

'; ",."_,_" 7. 5-17
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7.6 MASS CHARACTERISTICS

Launch Payload

The mass properties of the individual modules for the launch payload

were originally determined by actual weight and balance measurement. The

measurements were made at Downey for the service module and at WSMR

for the command module and the launch escape subsystem. These three

actual weights totaled 27077 pounds. Additional items, including the boost

protective cover, cameras, batteries, etc., as shown in reference 9,

increased the total weight to 27822 pounds. Further changes made after

the issuance of reference 9 and prior to launch increased the total launch

payload weight to 27836 pounds. All moment-of-inertia data are based on

calculated values.

Launch Escape Vehicle

The mass properties presented for the launch escape vehicle reflect

the actual weight and balance, plus center-of-gravity measurements. The

properties presented for flight times account for the mass loss due to

expended motor propellant. Rocket motor chamber pressure flight data

related to rocket motor characteristics were used to calculate the mass

of propellant lost.

The launch escape subsystem contains 425 pounds of ballast to obtain

a longitudinal (XA) center of gravity of 1125.0 • 0.5 for the launch escape

vehicle (LEV) at burnout.

Flight Sequence Mass Characteristics

Figure 7.6-1 presents a summary of the mass properties of the

individual modules and total payload before launch, and mass properties

of the launch escape vehicle, the command module, and the launch escape

subsystem during flight for significant flight events.

The changes in mass properties which occur during flight are plotted

in Figures 7.6-2 through 7.6-15. Information on the following parameters

is contained therein:

Launch Escape Vehicle, Motor Ignition to Burnout:

Weight Figure 7.6-2, Sheets 1 and2

Center of Gravity X Figure 7.6-3

Y Figure 7.6-4

Z Figure 7.6-5

7.6-1
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Moment of Inertia

Launch Escape Subsystem,

Weight

Center of Gravity

Moment of Inertia

Ixx Figure 7.6-6

Iyy Figure 7.6-7

IZZ Figure 7.6-8

Motor Ignition to Burnout:

Figure 7.6-9

X Figure 7.6-10

Y Figure 7.6-11

Z Figure 7.6-12

Ixx Figure 7.6-13

Iyy Figure 7.6-14

IZZ Figure 7.6-15

Command Module, Separation to

Weight

Touchdown

Figure 7.6-2, Sheet 2

7.6-2
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7. 7 LAUNCH ESCAPE SEQUENCER SUBSYSTEM

Summary

The launch escape sequencer subsystem functioned satisfactorily and

demonstrated its ability to control an abort sequence initiated automatically

by an unforeseen catastrophic malfunction of a boost vehicle. All events were

initiated within the specified time limits. All components functioned

correctly.

Subsystem Description

The launch escape sequencer subsystem consisted of a mission sequen-

cer, two tower sequencers, and backup timers. Two logic batteries provided

power for the logic network, and two pyro batteries were used to initiate

various pyrotechnic devices. The purpose of the sequencer subsystem was to

supply electrical power at the proper time to the pyrotechnic devices which

separated the command module from the service module, ignited the launch

escape motors, deployed the canard, armed the earth landing sequence con-

trollers, and jettisoned the launch escape tower and the apex cover. The

sequencer subsystem was redundant so that premature operation of any logic

component or failure of a component to operate would not cause mission

failure.

Figure 7. 7-I is a simplified schematic diagram of subsystem A.

Subsystem B was identical.

The launch escape sequencer subsystem for Boilerplate 22 was unique

to that vehicle, as the subsystem for each previous boilerplate was unique to

its vehicle. The functions performed by the Boilerplate 22 launch escape

sequencer subsystem will be performed by a master events sequence control

(MESC) in the spacecraft vehicles.

Subsystem Performance

Figure 7. 7-2 is a functional diagram which illustrates the events

sequence and the actual times for the mission.

The hot-line relays, K6 and K20, were activated to the open-contact

position at T-Z35 seconds. The GSE abort-lockout relaywas deactivated to

the closed position when the umbilical was disconnected, starting the

91-second backup timers.

Abort was to have been radio-commanded at T + 89 seconds. On receipt

of the radio command, two relays in Little 5oe II were to have opened the

hot-line between the booster and the launch escape vehicle and thereby to have

7.7-1
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initiated the abort sequence. This plan was nullified by breakup of the booster

at approximately T + 26 seconds. The breakup interrupted the hot-line at

T + 26.3 seconds, deactivating relays K6 and K20 and thus activating the

CM-SM separation relays K8 and K22, the ll-second time delay relays K10

and KI2, and the relays which initiated the launch escape and the pitch control

motors.

The four 11. 0-second (±5%) timers timed out between 11.0 and

11.2 seconds, deploying the canard and activatin E the 3-second time-delay

relays K14 and K16. The four 3-second (±590) timers timed out between
2.9 and 3. 0 seconds and armed the earth landing subsystem sequencer at

T + 40.4 seconds at an altitude of 11, 100 feet. At this point the high-altitude

baroswitch was closed (the specified lower limit for contact opening is

36,000 ± 2000 feet); the arming signal therefore initiated tower separation

and tower jettison, and activated the 0.4-second time-delay relays K24 and

K26. The apex cover was jettisoned when the time-delays timed out

0.4 second later. This completed th_ function of the launch escape sub-

system sequencer. All components of the subsystem functioned correctly.

The two 91.0-second (±5%) backup timers timed out, within tolerance,

at 90.0 and 91.6 seconds, respectively.

   illilili: 7.7-z.... SID 63-1416-6
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7.8 ORDNANCE EQUIPMENT

Summary

Pyrotechnic devices were used in Boilerplate ZZ to perform the

following functions :

CM-SM separation

Launch escape and pitch control motor ignition

Canard deployment

Launch escape tower separation

Tower jettison motor ignition

Apex cover jettison

Drogue parachute deployment

Drogue parachute disreef

Drogue parachute release

Pilot parachute deployment

Main parachute disreef

All functions were performed satisfactorily. All devices were

recovered and examined. Two reefing-line cutters failed to operate, but

redundant cutters provided satisfactory subsystem performance. Corrective

design modification is in progress.

Subsystem Description

The part, lot, and serial numbers of the various devices are listed in

Figure 7.8-I.

CM-SM Separation System

The command module was separated from the service module by

cutting the three tension ties which held the modules together. Linear shaped

charges were clamped to both sides of each tie. Each pair of charges was

activated from each end by a standard Apollo detonator. Each of the two

detonators was capable of igniting both charges, and each charge was capable

of severing the tension tie to which it was attached. This arrangement

provided dual redundancy. Similar subsystems were used on Boilerplates 12

and 23. Spacecraft vehicles will use a different type of tension tie but will

use the same dual linear shaped charge and detonator configuration.

Launch Escape and Pitch Control Motor Igniters

Two redundant Type I cartridges, with integral Apollo standard initiators,

were used to ignite each of the launch escape and pitch control motors. This

type of cartridge is currently undergoing qualification testing and is scheduled

for use in all Apollo spacecraft.

SID 63-1416-6



Tower Jettison Motor Igniters

Two redundant Type II cartridges were used to ignite the tower jettison

motor. The Type II cartridge differs from the Type I cartridge only in the

thread size, and is also scheduled for use in all Apollo spacecraft.

Single-Mode Explo sive Bolts

Launch escape tower separation was achieved by means of four single-

mode explosive bolts. One bolt was installed at the foot of each tower leg.

The bolts used for Boilerplate ZZ were different in two respects from those

used successfully for all previous flight tests. The differences were an

increase from Z.25 grams to Z.85 grams in the weight of the charge, and

an increase in body thickness around the charge cavity. The changes were

made to increase the separation safety margin. Use of the single-mode bolt

is an interim measure. Dual-mode bolts will be used when they become

available.

Canard Deployment Sub system

The canard panels were deployed by the force generated by two redundant

Type VII pressure cartridges, each of which was capable of deploying both

panels_ The pressure cartridges were activated by Apollo standard initiators.

This was the second flight test of the subsystem, the first test having been

conducted successfully with Boilerplate Z3.

Drogue Parachute Release Subsystem

The two drogue parachutes were released from the command module

by cutting a tension member in the attachment assembly. Two linear shaped

charges were used, one charge being clamped to each side of the tension

member. Two Apollo standard detonators were used in a redundant config-

uration similar to that used for the CI_-S1V[ separation subsystem. The

subsystem configuration was different in two respects from that employed

for Boilerplates 3, 6, 1Z, and 23: the tension member material was changed

from steel to titanium to obtain a cleaner separation cut by the linear shaped

charges, and the detonators were repositioned to provide improved clearance

(see Figure 7.8-2). The configuration used for Boilerplate 2Z is scheduled

for all Block I spacecraft. The concept for Block II spacecraft is entirely

different. The proposed design for those spacecraft is a guillotine cable-

cutting device.

Parachute Deployment lV[ortar s

Five mortars were used to deploy the two drogue and the three pilot

parachutes. The drogue parachute mortars used Type I pressure cartridges,

7.8-2
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and the pilot parachute mortars used Type II pressure cartridges. Each

mortar used two cartridges, and successful firing of both cartridges was

necessary to ensure satisfactory parachute pack ejection velocity. They

therefore were fired into a common breech and plenum chamber so that a

cartridge which failed to fire on electrical command would be fired sympa-

thetically by the other cartridge. Similar devices were used successfully

on Boilerplates 3, 6, lZ, 19, and 23 and are also scheduled for use on the

other Apollo flight vehicles.

Parachute Reefing-Line Cutters

The drogue and the main parachutes were disreefed by 8-second-time-

delay reefing-line cutters of the type illustrated in Figure 7.8-3. This type

of cutter incorporates a powder train which is ignited by a percussion initiator

actuated at parachute line stretch by a lanyard which pulls the sear release

out of the cutter. The sear release first pulls the firing pin back and

compresses the spring. It then releases the firing pin, which is impacted

against the primer charge by the spring. The primer charge fires through

the expansion chamber and a screen into an ir_tiation mix which ignites the

8-second powder train. After a nominal 8-second burning period, the

powder train ignites a second initiation mix which, in turn, ignites a charge

to propel the cutter through the reefing line. To provide redundant operation,

two cutters were used for each drogue parachute active reefing line, and

three cutters were used for each main parachute reefing line. Boilerplate ZZ

was the first flight-test vehicle to use this type of cutter.

Apex-Cover Thruster Subsystem

In previous flights, the a2ex cover was secured to, and jettisoned

with, the launch escape tower. The Boilerplate 22 flight provided the first

test of a plan to jettison the apex cover 0.4 second after the tower was

j ettisoned.

Figure 7.8-4 is a general view of a portion of the parachute deck of

Boilerplate ZZ and shows the locations of one of the thrusters and one of the

pressure cartridges. Figure 7.8-5 shows the interconnection of the two

pressure cartridges and the four thrusters. Each of the cartridges was

connected to a pair of diametrically opposite thrusters and formed a separate

subsystem. The two subsystems were activated simultaneously and each

subsystem was capable of jettisoning the apex cover independently of the

other subsystem.

The thruster mechanism is depicted in Figure 7.8-6. The apex cover

was secured to the thruster rod with a ball-headed screw which was tQrqued

to place the spring in compression and establisha good seal between the

7.8-3
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lower edge of the apex cover and the command module. When the pressure

cartridge was ignited, the resulting gas pressure was applied at the lower

ends of the thruster rods, causing the rods to fail in tension in the area

where their diameters were reduced. The gas pressure then ejected the

thruster rods from their cylinders and forced the apex cover away from the

command module.

Apollo Standard Detonator s and Initiator s

The Apollo Standard detonator, which contains an integral standard

initiator with a no-fire rating of 1-watt/1-ampere for 5 minutes, contains

two hot-bridgewire circuits. The A-B bridgewire is connected into the

firing circuitry; the C-D bridgewire is left open and isolated.

Standard initiators were used in all BP-ZZ pyrotechnic devices except

reefing-line cutters and explosive bolts. The total number of standard

initiators used was Z8.

A total of eight standard detonators were used to fire the linear shaped

charges in the CM-SM separation subsystem and the drogue disconnect

sub sy stem.

The standard initiator and the standard detonator, which are undergoing

qualification testing, are scheduled for use in all Apollo spacecraft. They

have been used successfully in Boilerplates 3, 6, iZ, 13, 15, 19, and Z3.

Pressure Cartridges

The Type I, If, and Vll pressure cartridges used in the parachute

mortars and the canard actuator were similar to those used for previous

boilerplate flights and scheduled for use in all Apollo spacecraft. Each

cartridge contained Z8 pellets in 4 tiers of 7 each.

Type VI cartridges were used in the apex cover thruster subsystem.

This type contains 49 pellets in 7 tiers of 7 each and generates a gas pressure

between IZ, 000 and 15, 000 psi in a volume of Z0 cubic inches. This was the

first flight test of the Type VI cartridge, which is scheduled for similar use

in all Apollo spacecraft.

Subsystem Performance

Reefing-Line Cutters

One reefing-line cutter on each of the two drogue parachutes failed to

operate. The redundant cutter operated satisfactorily in each case, and

successful drogue operation was achieved.

7.8-4
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Postflight investigation revealed that the primers had not fired and

that each of the firing pins was bent at its sear notch (see Figure 7.8-7).

Figure 7.8-8 illustrates the action of the sear release and the firing pins:

it will be seen that a pull against the notch at an angle approaching the worst

case of 45 degrees imposes a bending force on the end of the firing pin. If

the pin bends, it will bind in the retainer on its spring-driven return into

the cutter and will either fail to impact the primer or impact with insufficient

force to initiate firing of the charges.

This type of failure was first experienced during a drop test and has

been duplicated in laboratory tests. The mechanism is being modified to

avoid repetition.

CM-SM Tension Ties

The CM-SM tension ties operated satisfactorily but caused some

damage to the main-heat-shield ablative surfaces in their vicinity. This

damage was anticipated and inconsequential. This was the last scheduled

-n_h_ed tension tles ............... _ .......usage of boilerplate-type'" _ -^,4 • __,_a f1_g]_t_will

be conducted with spacecraft-type tension ties with blast shields.

Other Pyrotechnic Devices

All other pyrotechnic devices performed satisfactorily.

7.8-5
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7. 9 LAUNCH ESCAPE PROPULSION SUBSYSTEM

Su/-nmar_

The launch escape propulsion subsystem used on BP-Z2 was of the

same configuration used on BP-Z3 and intended for use on Block I spacecraft.

All three motors functioned within specification limits. The launch escape

motor provided adequate thrust to remove the launch escape vehicle from the

launch vehicle, and the tower jettison motor provided adequate thrust to

remove the launch escape tower from the command module. Tables

summarizing the characteristics and performance of the motors are

presented as Figures 7.9-i and 7.9-Z. Definitions of the terms used are

given in Figure 7, 9-3.

Description

The BP-ZZ launch escape propulsion subsystem was of the configuration

to be used in the manned spacecraft flights and included the launch escape

(LE) motor, the pitch control (PC) motor, and the tower jettison (TJ) motor.

Each motor consisted of a steel case and a case-bonded ammonium-

perchlorate/polysulfide propellant grain. Hot-wire igniter cartridges were

used to initiate boron/potassium-nitrate pellets which, in the LE and TJ

motors, ignited a solid-propellant Pyrogen ignitier, which in turn ignited

the main propellant grain. Because of its small size, the PC motor did not

need a Pyrogen igniter.

The LE motor provided the thrust to separate the command module

from the service module and launch vehicle. It had four nozzles canted

35 degrees from the motor center line. The carbon throat inserts of the

nozzles in the XZ plane were sized with different throat diameters to produce

a nominal thrust-vector offset of Z degrees 45 minutes. This offset was

necessary to direct the thrust vector of the LE motor near the center of

gravity of the launch escape vehicle. The PC motor provided the initial

pitching moment intended to direct the command module downrange out of

the path of the launch vehicle. The TJ motor, firing through two nozzles

canted 30 degrees from the motor center line in the XZ plane, was then used

to separate the LE subsystem from the command module. Nozzle throat

diameters were sized to provide a nominal 3.8-degree thrust-vector offset

to divert the LE subsystem from the path of the command module.

The LE subsystem also included the tower between the LE motor and

the command module, the interstage between the LE and TJ motors (which

is considered part of the TJ motor), the canard subsystem, the ballast

enclosure and ballast, and the nose cone and Q-ball. The tower, canard,

and Q-ball are discussed in other sections of this report.

7.9-I
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Preflight History

Launch Escape Motor

The launch escape (LE) motor, S/N ED40A (ME467-0003T0006), was

cast on August 13, 1964, and delivered to WSMR for Boilerplate ZZ in

March 1965. Shortly after its arrival, the motor was reworked in the field

by the addition of thermocouples to measure the propellant grain temperature.

This modification resulted in a change in motor part number to /VIE467-0003-

0016. The motor was manufactured in accordance with the requirements of

NAA Procurement Specifications MC-901-000Z, Revision E, PDC-I, and

SCD ME467-0003, Revision L.

Pitch Control Motor

The pitch control (PC) motor, S/N 80-A (ME467-0005-0007) was cast

on August Z6, 1964, and delivered to WSMR in March, 1965, This motor

was manufactured by Lockheed Propulsion Company in accordance with the

requirements of NAA Procurement Specifications MC467-0005, Revision E,

PDC-1, and SCD-ME467-0005, Revision M. Inspection revealed several

minor cracks and voids in the propellant grain. This discrepancy was noted

in the Lockheed nonconformance report (11981) submitted on September Z5,

1964. Final acceptance of the motor was made after the cracks were

successfully inhibited and the voids potted, and after the entire motor was

satisfactorily X-rayed.

Tower Jettison Motor

The tower jettison (TJ) motor (ME467-0004-I003) used on BP-ZZ was

identical to the motor used on BP-93 except for the addition of the nozzle

plug cork insulation in the field' The nozzle plug insulation became

necessary as the result of a thermal analysis which indicated that temper-

atures on the order of 300 F were quite likely in the external face of the

nozzle plugs during a 108,000-foot abort trajectory. A sketch of the tower

jettison motor and the location of the cork insulation are shown in Figure

7.9-4. All future tower jettison motors will be of the same configuration

with externally insulated nozzle plugs.

Surveillance Tests

Ballistic and physical property tests were satisfactorily performed by

Lockheed and Thiokol prior to final acceptance of the three LES solid motors

for the BP-ZZ flight test. Scale motors and propellant specimens taken from

the propellant batches used in the TJ, LE, and PC motors were employed

for the tests. The burning-rate data obtained from the scale motor firings

7.9-Z
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were compared with the original batch motor results and corrected to

full-scale motor burning rate. JANAF "dog bone" propellant specimens

were used in the verification of the propellant physical properties.

Lockheed and Thiokol certified that no significant difference was found

in the surveillance tests, and that the three solid motors were completely

acceptable for flight test. Lockheed also certified the acceptance of the

launch escape motor based on its field inspection of the propellant grain on

March IZ and 13, 1965.

Propellant Grain Temperature

The BP-ZZ launch escape motor was instrumented with two

thermocouples on the propellant grain (one on a star valley and one on a

star point) and three on the outside case of the motor. Of these, the star

valley temperature is believed to best represent the bulk temperature of the

propellant grain. Temperatures were continuously recorded while the BP-22

vehicle was on the launch pad. Ambient temperature was also recorded next

*^_v the case, and was found to _AA UAa._ul"4-......... 11 "V'_A_AA';4"kthe _AAA_A_A'_;;4"4"_I !AT_KD

temperature record.

The thermocouple leads were removed on May 17, 1965. By comparing

propellant temperature variations with ambient air temperature variations

up to that time, test personnel were able to project grain temperature to the

time of launch with a low probable error. The projected bulk propellant

grain temperature in the launch escape motor was between 65 F and 70 F at

the time of launch.

Temperature measurements were not made of the propellants in the

tower jettison and pitch control motors; however, the grain temperature of

these motors is assumed to have been between 65 F and 70 F at launch time.

Performance

Launch Escape Motor

The launch escape motor was reported to have been ignited at T +

26.323 seconds. The motor was instrumented to record chamber pressure

with the pressure transducer mounted in the head end of the motor. The

measured chamber pressure of the LE motor is shown in Figure 7. 9-5. It

can be seen that the motor performance was very nearly identical to that

predicted. The recorded average pressure was IZ83 psia whereas the

predicted average pressure was 1311 psia. This minor difference is less

than the measurement error of the pressure transducer. Based on the

sE) 63.1416-6



NORTH AMERICAN I "1 8_ACI_eet_N_O_MATION SYSTEMS DIVISION

@@ @@@ @ 6Q@ I@ @@@ 00

nominal abort time of Z6.3 s(conds the total burning time was 8.76 seconds

as compared with the predicted 8.84 seconds. Average thrust over the web

burning time was 154, 300 Ibf and the predicted value was 159, 500 Ibf.

The thrust-time curve based on the measured pressure-time data is

shown in Figure 7.9-6. Motor performance summary and physical

characteristics are shown in Figures 7.9-1 and 7.9-Z.

Pitch Control Motor

The measured pressure-time trace and the predicted pressure-time

trace of the pitch control motor are compared in Figure 7.9-7 and their

corresponding thrust-time traces are compared in Figure 7.9-8. It is

clear that the motor performed within the predicted values and specification

limits. The maximum difference between the actual and predicted values

of all major performance parameters as shown in Figure 7.9-2 is only

Z. 5 percent.

Tower Jettison IV[otor

No instrumentation was provided on the tower jettison motor. Flight

trajectory studies and tracking films indicated that the tower jettison motor

performed as expected. The predicted thrust-versus-time trace based on

the results of batch-check subscale-motor firing and full-scale-motor

firing (motor cast from same propellant batch as the BP-ZZ motor) is shown

in Figure 7.9-9.

Motor Case Temperature

The tower jettison and pitch control motors were instrumented for

the first time to measure the inflight case temperatures. As shown in

Figure 7.9-10, the case temperatures (approximately 70 F) of the two

motors were relatively the same until the individual motors were fired.

The maximum case temperature of the pitch control motor at the end of

motor burning was between 150 F and 160 F. The maximum temperature

measurement was not available for the tower jettison motor, as no trans-

mission of data was possible after the tower jettison motor was ignited and

the LES was physically separated from the command module. Early

development and qualification test firings of the tower jettison motor have

shown that in all instances the case temperature, even after the cases had

been heat-soaked over the duration of the firing, remained relatively cool.

7.9-4
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Conclusions

Analysis of the flight-test performance of the BP-ZZ launch escape

subsystem solid rocket motors indicates that all motors ignited satisfactorily

and that the launch escape and pitch control motors performed within their

design specification limits. Although no quantitative data are available for

analysis of the tower jettison motor performance, optical tracking data

indicate that it performed satisfactorily.

7.9-5

SID 63-1416-6



NORTH AMERICAI_ °Jl_V°l_a_T_O'l_;Io i,o . .t, • PA =_od_on,_oF_ItMA, I,.IONByB,I,BI_IS])IVXBXON

to ooe • • • go _eg= go e_o QI

o---
0 o

U

| ._

._ O 0o r0
u "0

_ t'- _ 'd4 t"

u c:; c:; c:;=;

_ A
!

_o
O co

._o

¢d o
u

_ O

O

U
°_
4-J

°f,,I

o

O

2;

U N

N O
0

,-,Uo -;

I-i
al0

°_1

_0
I_0,_

m=d

°t,=l

0

t.a H

"a

o N iv3

_0 00 t".,,.

rn_

¢._ ('_ L"-.
',O N 00

eel ,.._ _.0

,.O

,;,,=1

"_ "0

rd

o,,.o

¢¢3

,--0 o
ur3 o

_d

o t'--
o u_

• ."2

o_
_)

U
°_"1

U

N

m

!

N

O

,O

!

7.9-6

SID 63-1416-6



I
I

o A A

;-i
0
+,
0

0
p.+ -+
+1;

0

u

u
.P-I

03
I-I
0,

<13
o,

0

0

o,

U n_

u

u

4_

U
orq

N

_ /

o,

/

I

o
,,D

t%1 cO o,1 _

i I i -I- -I- -I-

i._ I_- t_l oo o
O', _ e_ I_- _ I"-

,,ID _0 I_ er_ I_- _O

0",
0

u

?

I-i

-I- I I

c_
.4-

e_

0",

_0 _

O0

U
03

U

03

•,_ _

.,_
P+ +.1 ,_

u o
<_

I I I I I I

o o o

,..,4 ,ll _l I _'I

0 0 0
I'-

+ll iil

m _ o,

,,I_ _

. 0

;-i

;.i

.,ll

m P.l

0 <:_ _

SID 63-I_16-6

7.9-7

O

cO

erl
_O
,--I

U
o_-.I
I.i.I

u

oill

I'll

O

O

O

ell

O

O

I

O

,--I

I

_D

cll

;,4
O

Pl

O

O



H a,,_MATION SYSTEMS DIVISION

GQ

O

°_1

°t_l

o

O
°f-I

EQ
°_1

N
¢',,I

t_
i-,"4

O

I
O _

F-I

_0
°F'I

1'. 9-8
SID 63-1416-6



\
\

O
.r.t

m

o
.,...4

0
Z

0

0

0
I

o_..I

k

0
[-t

N
N

I

I

0

orl

7.9-9

SID63-1416.6



I I I II I I In II I III I | I III II I I I IIII

.... . ....

!

,t ,.I

I",,-

b_
,r,4

'7.9-10

SI.D 63-1416-6



NORTH AMERICAN •-._;,.__ __')
II ll • • • I•• II

Ill l• • • ill _._/_

I I

• . , ; , , . , • } ' . .

_ . ' ' , , ; .... , , • . J

"- ltll _--'i- ..... i ....... _ ..... , .............................. 1 ................... -'in

: : i, t t : ' ;. : : : : , : : t : : : .tl

.. :2 ; - L------;..... ; .......... _ .... : ; .... ; .... ;- ......"- :: _: ...... ----;. ........ --,'iLl
._:_ . , , , / .......... 1t
.'.-1:1"7,1 I , , , I : : : : : : : : : : _'t

_---_---_-----; ......... ,................................ -,-............. -f--t

• .',L ' , t ............ _--1 •
li • • i_ ' t _ I ........... t t "_'

•_._ : T---_,-r .... _.... i .... :- r ...... : ..... .'--:_-. .... : .... .- .... : .... .----I',l t,.I

_"--;-"_ .....i .... " .....i......!......i .....÷--_ .... :.... ---_-----_-.---1
_. • _ . , , , ......... ill •

:: : i ! ! ; E ! i ! i i i i _.7." : t
• - : + i_ , , . , _.; . '.__._: .... ;___;_.,,___: __.- .... :___

• ! . :'_ "_, .... : .... _ ":'" : .-- . • • _;;;"---.----:- • --7 I_
.... ; , l ; ..... ill-" . • • I

-- _": i i-_ ....:;.....i..:_.._....i;;-_.=__...."....r ...._.......:----4'>
:_ :, i _ ! .....__! :_-....i,.......... : : ,-__:___J

' ^ ..... _ I _J/ I ; : ........ _ -
• _ , • i ' ,,ill ........_ . .._ _ ._ _L,,,f_.._ .... ; .... : .................................................. ---1_
,_ : : ! l.:,ii./; I ; : : : : : : : : • _ I"%
:'1_ I I i_ ],t' i : ', '. : ; : : : : : : ; _.,

-- ' _ . .t _--,,_; ..... _- I. ..... - ............. -i.- ..................................
' I _ . l 'ill t t t i , _ , ' ...... ' /

_ ::N_="Y;i_ ] i ;;...__i__.i i i..............i_._....-._i.___,"

• : ...... _. %- - ':. :_t : t "-- ........ .-°-"T---T-_ --, ..... . -- .'--' .--T-'-v ..... : ..... ",-
:::: :: ::. '. :.li: ' ' ', i ; : : '. :;_ .t :_l ),-t. _t.. z I i _ '_L_ ' ' - • •
.... :__. ..... i , ' l +
'.:::_, '._ :: ::.: ._ ' : _ l .

0 0 0 0 0 0o o II II o o o o

I I I I i I

.,:' 7.9-11

BID 63=1416-6



I i I I I

0

,=',,+o,_, /sN/7"/o_

..... : :,::-

!i!!

I

Figure 7.9-7. Pitch Control Motor Pressure Time Histor 7

7.9-12

SID 63-1416-6



SYSTEMS DIVISION

"1 I I I II J I J 1 I I I I J I I I . I I I I I I I ".L II_ I I I I

tO00

Figure 7.9-8.

. , .. _._: .

Pitch Control Motor Thrust Time History

7.9-13

SID 63-1416.6



NORTH

0

m
°_

°_

E_

I-i

a)
.la

U

q)
k
D.
1.4
0
.la

0

0
W

a)

o

i
o',

k

°_

7.9-14

SID 63-1416.6



NORTH AMERICAN

/

1o'1..'.. :..____.." : : : :.. :.°

SYSTEMS DIVISION

7b#,,,,E,eJ_77"+,J'_M ,'_7"_,_ /_,t;/7"/_44

%
3oo

/00

zz 2¢

] i Ir 1 : ! li

| J I
l!

I .... i
i

i i
i

i ,
!

| 0 ,v

Iv I

i ;, 1

i li i i

2_ 2._ 30 -_Z J4 _6 3_

II ....

I
II

:]
il

,I
II

II L
II

II

il

II

dlF-
I I

_-o

Figure 7.9-10. PC & TJ Motor Case Temperature vs. Elapsed Time

7.9- 15/7.9- 16

SLD 63-1416-6



7. 10 WINDOW SAMPLE ANALYSIS

Summary

Of the four window glass samples mounted on the command module in

the vicinity of the side and rendezvous windows, only two received appreci-

able amounts of sooting from the launch escape propulsion subsystem motors.

The degree of sooting was such that it would not have been detrimental to an

observer for the purpose of manual orientation during a mission abort.

However, the amount of sooting would have been a nuisance on a lunar

mission.

De scription

Four samples of inner CM structure window material were mounted on

the command module in the vicinity of the side and rendezvous windows to

obtain data on the effects of sooting from the launch escape propulsion sub-

system motors. The specimens were made of heat-treated Corning Code 1723

aiuminosiiicate glass, 4.0 x 5.0 x 0. 250 inches, with the edges beveled to a

thickness of 0. 125 inch. They were fitted into rectangular recesses in the

ClVi cork ablator, and were held in place by aluminum clips. The locations

of the specimens are shown in Figure 7.10-1.

Po stflight Inspection

Specimens A and B were essentially free from visible sooting. Speci-

mens C and D exhibited sooting in the form of droplets which had impinged on

the command module and the glass samples. Specimen C appears to have

been rubbed by a parachute shroud line during the flight. Window sooting on

BP-22 was significantly less in quantity and covered a smaller percentage of

area than sooting on the BP-6 and BP-12 flights.

Each of the specimens was smeared with varying amounts of red lumi-

nescent paint which had been applied to the inner surface of the boost

protective cover. The indications were that the paint had been scraped off

as the boost protective cover was removed with the launch escape tower.

Qualitative Analysis

The specimens were mounted, each in turn, in a holder alongside a

clean control specimen. A color landscape projection was viewed through

the two comparison specimens by astronauts and other personnel. An

analysis was made of the amount of light lost through a recovered specimen

and the control specimen. It was estimated that the gross soot-induced

visual degradation did not exceed 15 percent in the worst case.

SID 63-1416-6
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The sooted area on one of the specimens was examined with a jeweler's

magnifying glass. The area appeared mottled under magnification, indicating

tha_ the original soot-containing droplet may have contained small solid par-

ticles, possibly incompletely cornbusted propellant grain.

The quantity of soot on the window specimens was too small for either

qualitative or quantitative chemical analysis; consequently none will be

attempted.

Spectrophotometric and Photographic Examinations

The soot-like deposits on specimens A and B were not enough to be

visible to the unaided eye. Specimen C appeared to have the heaviest coating,

and specimen D was marred by a few pronounced spatter marks.

The specimens, including the control specimen, were examined

spectrophotometrically in the 300-to-1600-millimicron range. The curves

for specimens A, B, D, and the control coincided (Figures 7.10-2 and

7.10-3). Absorbance was measured through the tail of the most pronounced

spatter mark on specimen C. Transmission was reduced to 30 percent on

this portion of the specimen. Another portion of specimen C was found to

transmit approximately 85 percent of incident light.

The examination was conducted in two stages: from 300 to 700 milli-

microns and from 700 to 1600 millicrons. The specimens were not positioned

in exactly the same location for the two stagesT therefore, the two plots do

not coincide exactly at the 700 millimicron value.

Figure 7.10-4 is a photograph of the four recovered specimens against

a white background illuminated with incident light at 45 degrees. Figure

7.10-5 shows the four specimens photographed by transmitted polarized

light. The strain patterns shown are produced by the hardening process.

Conclusions

The sooting observed on the Boilerplate Z2 window specimens was not

sufficiently severe, either in coverage or in density, to obscure the horizon

to an observer in the event of a high-altitude abort. Similar sooting on

spacecraft observation windows would definitely constitute a nuisance, and

could have a hazardous effect on visual rendezvous and docking procedures.

This degree of sooting could not be tolerated on scientific-mission window

systems. The source of the soot could easily be the tower jettison motor

exhaust as indicated by the sooting pattern on the Boilerplate ZZ command
module exterior.

7.10-2
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7. 11 ELECTRICAL POWER SUBSYSTEM

Summary

The electrical power subsystem performed satisfactorily during the

flight of BP-ZZ. The main bus voltages were within the specified range of

28±3 volts. The logic bus voltages varied from 32.5 to 30.0 volts. The pyro

bus voltages remained essentially over 36 volts throughout the flight.

The pyro batteries used for this mission were of the new ME461-0007-

0001 type which has been developed for operational spacecraft usage. The

results of the flight and postflight tests of the batteries were entirely

satisfactory.

Subsystem Description

The d-c subsystem supplied d-c power to the instrumentation and com-

munications subsystem (telemetry equipment, transducers, C-band trans-

ponders, and tape recorders), to the earth landing subsystem sequencers, to

the launch escape subsystem sequencer, and to numerous pyrotechnic devices

on the spacecraft. The d-c subsystem consisted of six silver-zinc batteries.

Four of the batteries were GFE. The other two were operational spacecraft

types and were procured by NAA.

Two of the GFE batteries were Z0-cell, I20-ampere-hour (based on a

12-ampere discharge rate) MAP 4095 types, supplying power to the main A

and B buses respectively. These buses fed power to the instrumentation and

communications equipment. The other two GFE batteries were 18-cell,

6-ampere-hour (based on a l-ampere discharge rate) MAP 4090 types,

supplying logic power for the sequencing subsystem. Both these types were

flown on previous boilerplate vehicles and are not typical of those which will

be flown in spacecraft vehicles.

The remaining two batteries were 20-cell, 45-ampere-minute (based on

a 75-ampere discharge rate) ME461-0007-0001 types, supplying power to fire
the various pyrotechnic devices on BP-Z2. The ME461-0007-0001 was

developed for use in the pyrotechnic subsystems of spacecraft vehicles and

is currently undergoing qualification testing. This was the first flight test

of the battery.

Preflight Battery Preparation

The MAP 4095 and MAP 4090 batteries were activated and charged in

conformity with the procedures adopted for BP-15 and BP-Z3 (references

6 and 7).

,/
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The ME461-0007-0001 batteries were activated by the addition of 11 cc

of KOH electrolyte to each cell. The batteries were then allowed to stand for

12 hours to allow liberation of gases. They were then subjected to three

30-ampere discharge pulses of Z0 to 30 milliseconds duration each. The

criteria for flight readiness were terminal voltages greater than 20 volts

during discharge pulses and greater than 36.8 volts after the third discharge

pulse.

Flight Performance

The spacecraft loads were switched to the spacecraft batteries at T - 8

minutes. The main bus voltages remained within the specification limits of

28±3 volts throughout the mission.

At T + 0, main bus A read Z9.5 volts and main bus B read 30.5 volts.

The total current demand was 3Z amperes. Main bus A voltage rose to 29.9

volts when abort occurred at T + Z6.3 seconds; it remained at Z9.9 volts for

the remainder of the flight, Main bus B remained at 30.5 volts throughout

the flight. Total current demands dropped to 30 amperes after abort and to

28.5 amperes after tower jettison. These reductions were caused by removal

of instrumentation loads in the service module and the launch escape

subsystem respectively.

The step changes in logic bus voltages were:

Bus A Bus B

T + 0 Liftoff 32.5 v 32.3 v

T + Z6.3 Abort 32.3 v 32. 1 v

T + 37.3 Canard deployment 3Z. Z v 31.8 v

T + 40.4 Tower jettison 31.5 v 31.0 v

T + 4Z. 5 Drogue parachute deployment 31, 5 v 30.9 v

T + 84.8 Pilot parachute deployment 31.0 v 30.5 v

Following pilot-parachute deployment, the voltage levels declined gradually

to 30.5 volts (bus A) and 30.0 volts (bus B) at command module landing (T +

30Z.8 seconds).

As the range of the transducer which read the terminal voltages of the

pyro batteries was 0 - 36 volts, it can be said only that the terminal voltages

of both batteries remained above 36.0 volts throughout the flight, except for

the duration of the unrecorded firing transients. The voltage level probably

dropped to approximately 25 volts when these transients occurred.
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Postflight Tests

The results of the postflight tests performed on the ME461-0007-0001

pyro batteries are:

Load

Serial No. 40 Serial No. 41

Volts Ampere s Volts Ampere s

No load 3 7.1 37.3

I. 50 ohms Z7.9 18.6 27.3 18. Z

i. 00 ohms Z5.5 Z5.5 Z6.5 Z6.5

0.75 ohm Z4.9 33. Z Z6. I 34.8

0.50 ohm Z4. Z 48.4 Z5.0 50.0

Conclusions

All six batteries gave satisfactory performance. The results of the

postflight tests of the ME461-0007-0001 indicate the superior performance

which may be expected from these batteries as compared with the performance

of the MAP 4090 batteries used for previous missions.
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7. I_ INSTRUMENTATION SUBSYSTEM

Summary

The instrumentation subsystem performed satisfactorily throughout the

flight and provided good data from all but five of the transducers. These

five were pressure transducers of narrow range which were operable but

which, because of the premature abort, did not indicate on-scale.

The tower camera operated from T + 15 seconds, but the lens became

coated with soot from the launch escape motor immediately after abort.

Because of the difference in planned and actual event times, the CM camera

did not start until just prior to landing. The SM impacted before the SM
camera could start.

Subsystem Description

The BP-ZZ onboard data acquisition subsystem was an R & D subsystem
_41 _1_4.of the same general configuration as those used or, previous bw=erl_=_e flight

vehicles. It will be replaced by the operational PCM telemetry subsystem on

Block I vehicles.

A block diagram of the subsystem is shown in Figure 7. lZ-1. A listing

of the transducers is contained in Reference Z, and a description of their

operation is given in Reference 10.

The acquisition of onboard data was accomplished by utilizing two PAM/

FM/FM telemetry subsystems and two 14-track onboard tape recorders.

Two 90 x 10 commutators and one 90 x 1. Z5 commutator were used to

acquire data which did not require a high sampling rate. All data transmitted

on the two telemetry links, as well as 43 high-frequency measurements, were

recorded by the onboard tape recorders. Little Joe II flight measurements

were also transmitted and recorded by the command module instrumentation

subsystem.

High- Level Commutator s

The high-level commutators were solid-state units each of which sam-

pled 90 channels i0 times per second. Two of the channels transmitted a

double-width synchronization pulse for pulse identification by the automatic

decommutator equipment. The remaining 88 channels accepted a 0-to-5-vdc

signal for time-division multiplexing. The first two channels were assigned

as reference channels with I00 percent (5 volts) and zero percent (zero volts}

signals respectively. The reference signals were generated in the main

signal-conditioning box. Of the remaining channels, 81 were assigned

7. IZ-i
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measurements on commutator A and 3 were assigned measurements on

commutator B. All other channels were unused and were therefore shorted

to ground.

Low-Level Multicode r

The low-level multicoder consisted of a mechanical commutator and a

solid-state amplifier. The unit sampled 90 channels I. Z5 times per second.

Two of the channels were used for a double-width synchronized pulse. The

synchronized pulse was generated by the mechanical commutator section but

did not go through the solid-staLe amplifier; instead it was added to the wave-

train by an "or" gate after the signal emerged from the amplifier. The

remaining 88 channels could accept a 0-to-10-mv differential signal for time-

division multiplexing. The commutated 0-to-10-rnv signals were amplified

by a factor of 400, added to a l-volt pedestal, and transmitted as a 0-to-5-

volt wavetrain. The first 3 channels were assigned as reference channels

with 0 (0 rnv), 100 percent (10 mv) and 50 percent (5 mv) signals respectively.

Of the remaining channels, 41 were assigned for flight temperature measure-

ments; the other 44 channels were unused and shorted out. The 3 reference

signals, the 41 flight measurements, and the shorted channels were obtained

from the TMS 1090 signal-conditioning box.

Signal-Conditioning Box

The signal-conditioning box (SCB) was capable of handling a total of 150

circuits. The output signal of each subsystem was routed through the SCB and

directed to tape recorder A and to the various voltage-controlled oscillators

(VCO) in the modulation packages. The SCB also functioned as a junction box

and directed various signals to ground support equipment (GSE) through carry-

on cables attached to the SCB-GSE plugs. Utilizing a resistor network, the

signals from the A bus, the B bus, the Q-ball, and the breakwire monitors

were conditioned to zero-to-5-vdc for telemetry transmission. The 5-vdc

power supply for the gyro potentiometer, for the displacement indicator, and

for VCO calibration was located in the SCB. The range and zero (R & Z)

calibration command circuits for applicable transducers, together with some

of the actual calibration circuits, were located in the SCB.

Low-Level Signal- Conditioning Box

The TMS 1090 low-level signal-conditioning box contained the signal-

conditioning modules for all the temperature and heat-flux measurements. It

also contained the zero, i0, and 5 millivolt reference modules. In addition,

it contained a Z0-volt regulated power supply module which powered all the

other modules. Each individual replaceable module contained all the signal-

conditioning circuitry for its associated resistance thermometer, heat-flux

calorimeter, or thermocouple. The modules contained isolated power supplies

7. I2-Z
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which used the 20-vdc power and converted it to the d-c voltages required

for their operation. In addition, they contained the R-calibrate circuitry

for each measurement.

Signal Distribution Box

The signal distribution box was located in the service module and pro-

vided power for the transducers and modulation packages, reference voltages

for telemetry calibration, and signal input distribution for tape system B

inputs.

Tape Recorders

The onboard tape recorders each provided 14 separate channels for

both FM multiplexed and analog recording. The tape speed was 15 inches

per second. The tape recorder subsystem provided redundant acquisition

for the telemetry data during the flight as a backup in event of air-link

failure.

The recorder subsystems provided data storage for the telemetry sig-

nals, DPDM data from the commutators, multiplexed data from the modulation

package (composite output), and the output of vibration systems located in the

command module. Telemetry signals and multiplexed data were stored by

means of the direct-record process. The DPDM signal was recorded by

saturation techniques, Transducer outputs were recorded by using wideband

FM record amplifiers.

Linear Accelerometer s

Six accelerometers were installed on the vehicle to measure accelera-

tions in the principal axes of the vehicle.

Strain-Gage Subsystem

The strain subsystems were installed to measure the load imposed on

± Y-axis canard actuator links. The strain subsystem consisted of a strain-

gage bridge and amplifier. The amplifier output voltage was biased to permit

both compression and tension strain measurement.

Static-Pres sure Subsystem

Forty-two pressure transducers were mounted on the vehicle as

indicated below:
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Location Measurement Description

Tower

Command module

Command module

Command module

Command module

Command module

Command module

1 LES engine base pressure

30 surface pressures

4 base pressures

1 internal pressure

1 reference pressure

1 plume impingement pressure

4 boost protective cover differential

pressures

The pressure transducers were self-contained pressure-sensing units

employed to measure the absolute pressures on the vehicle. There was no

provision for 1%& Z calibration in this subsystem.

Differential Static-Pressure Subsystem

Chamber pressures of the launch escape motor and the pitch control

motor were monitored by differential-pressure transducers. These trans-

ducers functioned in the same manner as the absolute-pressure transducers

except that the measurement was referenced to the ambient environment.

Fluctuating-Pre ssure Measurements

Nine fluctuating-pressure subsystems were installed on the service

module to measure high-frequency fluctuations in pressure due to high-level

sound intensity. The fluctuating-pressure subsystems consisted of trans-

ducers, transducer mounting assemblies, matching amplifiers, and intercon-

necting coaxial cables. The vibration-compensated transducers were

piezoelectric crystals which generated a current flow proportional to the

pressures applied.

Voltage Monitor s

Seventeen voltages were monitored during the mission. The signal-

conditioning box contained monitoring circuits for buses A and B as well as

circuits for Z calibration. The monitors were so designed that a bus voltage

of 2Z to 32 volts produced an output of zero to 5 vdc. Monitoring circuits for

the logic buses and the pyro buses were built into the sequencer box.

Sequencer voltages were monitored to give bus voltages.

Current Monitor

One current monitor was on board the vehicle to indicate total battery

current for both the A bus and the B bus. A low-resistance shunt between

the battery negative terminal and the vehicle ground point applied an emf of
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zero to 50 rnillivoits to a matching amplifier in proportion to a current flow

of zero to 50 amperes. The amplifier conditioned the applied ernf to a signal

of zero to 5 vdc for telemetry transmission and also provided a method for

range and zero calibration of the subsystem.

Timer

An onboard timer of a digital type provided elapsed-time readout during

the mission. The timer was reset by the sequencer to zero time at liftoff and

provided a time reference for the remainder of the flight.

Q-ball

The Q-ball was a nose-mounted airflow direction sensor for measuring

the vehicle angles of attack and sideslip. Output voltages from the Q-ball

were proportional to three differential pressures on the spherical sensing

surface. The three measurements, taken together, provided indications of

angle of attack, angle of sideslip, and dynamic pressure.

Canard Displacement Indicator

A potentiorneter mounted on the vehicle was utilized as a canard dis-

placement indicator. The potentiorneter was excited with 5 vdc supplied by

the signal conditioning box. The wiper of the potentiometer then supplied

zero to 5 vdc for transmission via telemetry.

Attitude Gyroscope s

The attitude gyro subsystem, used for the first time on this flight,

consisted of two gyro packages, a junction box, and a dc-to-ac inverter.

Each gyro package contained a three-gimbal gyro, a servo preamplifier and

amplifier, and an automatic alignment mechanism. The servo subsystem

maintained perpendicularity between the spin axis and the middle gimbal axis

by driving the outer girnbal as required. At 90 or Z70 degrees the outer

girnbal was "flipped" 180 degrees to maintain proper relationship between the

gimbal axes. Three signals were recorded from each gyro package: a

potentiorneter pickoff showing the position of the inner gimbal relative to the

middle girnbal, a potentiorneter pickoff to indicate outer gimbal position

relative to the case, and a segment switch signal which recorded the status

of the gimbal flip. The six signals from the two gyro packages were used to

determine vehicle attitude in a three-axis reference system.

Rate Gyroscopes

One rate-gyro package was mounted in the command module to measure

the vehicle roll, pitch, and yaw rates. The package contained three

7.1Z-5
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subminiature rate gyros and solid-state demodulator channels to convert the

respective gyro output signals of zero to 5 volts for transmission via telemetry.

Event Monitors

During the BP-ZZ mission, 34 events were monitored on the telemetry

subsystem. Thirty events utilized resistors in the sequencer package to

condition the signals to zero to 5 vdc for TM transmission. The CM-SM

separation monitor, drogue No. 1 and Z monitor, and boost protective cover

breakwire signals were conditioned in the signal conditioning box.

Transponder Monitor

The transponder monitor, built into the C-band transponder, provided

an indication of the rate at which the beacon was being interrogated. A

double pulse of proper width and spacing had to be received and decoded before

the transmitter could reply to the interrogating command.

Vibration Measurement Subsystems

Thirty-four vibration subsystems were installed on the spacecraft: 4 on
the command module, 28 on the service module, and 2 on the SM RCS counter-

clockwise roll engine. Each vibration subsystem consisted of an acceler-

ometer, an amplifier, and interconnecting coaxial cables. The accelerometer

was a piezoelectric crystal generating a charge of 2.5 picocoulombs/g, which

was coupled via the coaxial cable to a charge amplifier. Output of the

amplifier was biased at 2.5 volts for CM measurements and 2.7 volts for

SM measurements. The amplifier produced an output of 5 voltspeak-to-peak

when its associated piezoelectric accelerometer was excited to full scale.

Heat-Flux Measurement Subsystems

Sixteen calorimeters were installed on the spacecraft: 13 on the com-

mand module and 3 on the tower. All were installed flush with the aero-

dynamic surface of the spacecraft. The primary element of the calorimeter

measured the heat flux through the calorimeter; the secondary element

measured the temperature of the heat sink. The heat-flux element was an

asymptotic heating-rate sensor, deriving its output from a differential

thermocouple circuit which measured the temperature gradient between the

center and the heat sink at the periphery of the active sensor area. The

temperature gradient was directly proportional to the heating rate, stimu-

lating an output of zero to 114 my over the usable range. The secondary

element consisted of a chromel-alurnel thermocouple imbedded in the body of

the heat-sink mass, and produced an output to be used as a correction factor
to the calorimeter heat-flux measurement.

7.12-6
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Temperature-Measurement Subsystems

The command module internal temperature, two RF transmitter tem-

peratures, and three tower motor case temperatures were measured by

platinum resistance thermometers. There were also three chromel-alumel

thermocouples located on the tower legs. The principle of operation was the

same as that of the calorimeter body thermocouples.

LES Tower Camera

The tower camera operated satisfactorily at 3Z frames per second,

starting at approximately T + 15 seconds as programmed. Film runout

occurred at approximately T + 90 seconds. Immediately following LES engine

ignition the camera lens became coated with engine exhaust particles which

subsequently impaired the View. Sooting of the lens normally would have

occurred after boost cover inflight performance data were recorded, but

premature abort limited the operation during launch phase prior to abort to

approximately I0 seconds.

CM Camera

The command module operated satisfactorily at 200 frames per second,

starting at approximately T + 270 seconds as programmed. Film runout

occurred at T + 490 seconds, approximately 3 minutes after CM landing. No

film record was obtained of tower jettison, forward heat shield jettison, and

recovery subsystem deployment, as the sequences occurred prior to camera

start in consequence of premature abort.

SM Camera

No film record was obtained from the service module camera, since

abort occurred before the planned camera start time of T + 70 seconds.

Camera, unexposed film, and protective case were recovered intact after

impact.

Performance

Base pressures I, 2, 3, and 4 and command module plume impingment

pressure exceeded the upper limit because of the relatively low altitude

(20,000 feet). The measurement was calibrated for zero to 4 psia, with

4 psia yielding 5 volts output.

The telemetry B composite signals were tape-recorded from liftoff to

abort. At abort and continuing for 90 seconds the composite signal level

dropped to an unusable level, while the 50-kc reference signal on the same

track was continuously recorded throughout the flight. After 90 seconds the



telemetry B composite signal returned to normal for the duration of the flight;

The telemetry B air-link composite signals provided usable data for the entire

flight. Additional investigation is to be conducted on the tape recorder input

amplifier in the modulation package.

The rate-gyro limits were exceeded for short periods during the flight

because of the unpredicted action of the launch vehicle.

With the exception of the minor deviations noted above, all measure-

ment subsystems performed satisfactorily and provided usable data.
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7. 13 COMMUNICATIONS SUBSYSTEM

Summary

All elements of the communications subsystem performed satisfactorily.

Radio-frequency links of good quality were provided during the countdown and

the flight mission.

Subsystem De scription

The communications subsystem for Boilerplate Z2 consisted to two VHF

PAM/FM/FM units, with associated antenna equipment, for the transmission

of instrumentation data; and two C-band transponders, with independent

antenna subsystems, for vehicle tracking. The equipment, which was simi-

lar to that used on previous boilerplate flights, was not typical of the

equipment which will be used on the spacecraft vehicles.

Telemetry Transmitter Subsystem

Two VHF PAM/FM/FM telemetry subsystems provided the means for

accepting and transmitting to ground stations the required instrumentation

data on carrier frequencies of Z37.8 and 247.3 megacycles. Each telemetry

subsystem consisted of a modulator package and an RF package, with the

necessary voltage-controlled oscillators, mixer-amplifiers, commutators,

and calibrators. Each telemetry transmitter delivered at least 10 watts RF

output power to the antenna subsystem. The antenna subsystem consisted of a

diplexer, tl_ree two-way reactive power dividers, and four cavity-type

antennas, resulting in a four-way distribution of RF energy from each

transmitter to the spacecraft antennas.

The modulation base band for the Z37.8-me subsystem consisted of

13 continuous and Z commutated channels; the Z47.3-mc subsystem consisted

of lZ continuous channels and 1 commutated channel. All carrier and

subcarrier frequencies and deviations were in accordance with IRIG standards

on PAM/FM/FM telemetry.

Radar Transponder Subsystem

Two AN/DPM-66 radar transponders were installed in the command

module to provide radar tracking of the vehicle. The transponders were

C-band units, functioning independently but with identical characteristics.

Each transponder output was coupled through a power divider to a pair of

diametrically opposite cavity-backed helix antennas. The four antennas were

flush-mounted on the command module and located 90 degrees apart. The

transponders operated with the following characteristics:
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Receive:

Frequency

Pulse code

Pulse spacing

Pulse width (max)

Transmit:

Frequency

Power (rain)

Delay

Pulse width

5480 megacycles

Z pulses

3.5 microseconds

I. 0 microsecond

5700 megacycles

500 watts peak

Z. 0 microseconds

0.75 microsecond

Subsystem Performance

Radar Transponder Performance

Transponder performance was satisfactory. Range tracking stations

received strong signals from both onboard units. Analysis of the teleme-

tered transponder trigger monitor functions disclosed no significant

operational discrepancy.

Telemetry Transmitter Performance

Satisfactory radio-frequency links were established from vehicle to

ground. Spacecraft transmitter exciter and power amplifier temperatures

remained Well within limits. Adequate circuit margin was provided and

continuous VHF coverage was evidenced by receiver signal strength

recordings from four ground stations.

Conclusions

Reproduced recordings of VHF signal strength received from range

stations reveal shortcomings in calibration reference, differences in scaling,

and lack of adequate track identification.
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7. 14 ELECTROMAGNETIC COMPATIBILITY

The data from the BP-ZZ telemetry system and the two onboard

recorders were examined for electromagnetic interference anomalies which

might have caused a subsystems malfunction or degraded the data. The

period from T - I0 seconds to command module landing was covered.

There is no evidence of significant electromagnetic interference.

overall appearance of the data is clean, and the noise level is within the

allowable limit of 3 percent.

The
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7. 15 DATA COVERAGE AND AVAILABILITY

Summ dry

Overall tracking coverage of the mission was fair. Optical tracking
data were non-existent for the period T + 86.4 seconds to T + 181.4 seconds.

Radar data were noisy.

Still photographic and meteorological coverage was good. The quality

of the engineering sequential films was good, but smoke from the burning

wreckage of Little Joe II obscured the view of the cameras for a considerable

portion of the mission.

Delivery of data from WSMR continues to be tardy.

Photographic Cove rage

Photographic coverage was designed to be optimum for the planned

mission, which provided for command module landing i 10 statute miles

downrange. Launch vehicle breakup caused the command module to land only

3.4 miles downrange. The three Little Joe II second-stage motors ignited

when they hit the ground and heavy smoke from the resulting fire obscured the

view of the cameras and caused a partial loss of data.

The cameras within range of the command module would not have seen

the parachute descent had the flight progressed as planned. Almost all of

these cameras followed the flight of the jettisoned launch escape subsystem,
and coverage of the trajectory of the command module was sparse.

Tracking Telescopes

The 16-ram copies of films from 5 tracking telescopes were received

2 days after the flight. The quality of the films was good. Breakup of the

launch vehicle and the subsequent abort were recorded clearly.

Cinetheodolites

The 16-ram copies of films from 2 cinetheodolites were received Z days

after the flight. A 16-ram copy of a third film was received 5 days after the

flight. The quality of all three was good.

Fixed Cameras

The 16-ram copies of films from 6 fixed cameras were received Z days

after the flight. The quality was good in all cases.

7. 15-1
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Onboard Cameras

The onboard cameras were timed to provide optimum coverage of the

planned flight. The tower camera started at T + 20 seconds (6 seconds before

abort) and provided only 8 seconds of useful film before the lens was obscured

by deposits from the launch escape motor exhaust.

The command module camera started at T + 280 seconds (195 seconds

after main-parachute deployment) and recorded only the last 23 seconds of

descent and the collapse of the parachutes.

Service module ground impact occurred before the programmed starting

time of the service module camera (T + 65 seconds).

Still Photographs

Preflight and postflight still photographic coverage was good. Delivery

was much improved.

Tracking Data

Smoke from the burning wreckage of Little Joe II prevented continuous

optical tracking of the command module. A magnetic tape containing the

available position data was received 29 days after the flight. No optical

tracking data are available for the period T + 84.4 seconds to T+ 181.4 seconds.

A magnetic tape containing radar data was received 29 days after the

flight but was found to be unusable. A replacement tape was received 36 days

after the flight. The data on this second tape were noisy.

The position data were edited and smoothed at Downey before release.

The gap in the optical data was filled by radar data.

Attitude Data

Vehicle attitude data were derived from attitude and rate gyro data.

Pitch and yaw data obtained from optical sources were received from WSMK

but roll data were not supplied. Without roll data it was not possible to pro-

duce vehicle attitude data from the preferred optical source.

Meteorological Data

Meteorological data were acquired by Rawinrocket, Kawinsonde, pilot

balloons (Plbals), and weather towers. The data covered temperature,

pressure, relative humidity, and wind velocity. The data were received

5 days after the flight.
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Telernetry Data

Magnetic tapes from four telemetry stations were received 12 hours
after *__,,eHight. The first copy of the onboard recorder tape was unusable.

A usable copy was received 5 days after the flight.

The tape from the TDU telemetry station was designated as the prime

source of data, and the onboard recorder tape was used only for those meas-

urements for which it was the sole source, e. g., vibration measurements.

Conclusions

Late arrival of data from WSMR. continues to be a major handicap in the

preparation of postflight reports. In the case of Boilerplate 22, further

aggravation was caused by the provision of unusable magnetic tapes.

7.15-3/7. 15-4
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7. 16 GROUND SUPPORT EQUIPMENT

Introduction

The ground support equipment (GSE) used to support BP-ZZ operations

at WSMR may be divided into the following categories:

(a) Equipment modified at WSMR to improve performance;

(b) Equipment modified at WSM_R from BP-P3 configuration to meet

BP-Z2 requirements;

(c) Equipment not used, for the reasons given;

(d) Special test equipment (STE) designed and fabricated at WSA4_R

under Test Preparation Sheet (TPS) authorization;

(e) Equipment which performed satisfactorily without modification.

Equipment Modified at WSMR to Improve Performance

C14-552 Electrical Terminal Distributor

This unit provides connection points for the associated cable set which

connects to the GSE, GIVe, SM, launch escape tower, and LJ-II booster.

The utility of this unit was enhanced by the incorporation of a 3600-

point patch panel. The patch panel was installed and patched per

OCP-A- 1000Z-BP-ZZ.

H14-017 Weight and Balance Fixture

This fixture is used to align the LES tower with the CM; it facilitates

calculations for the combined launch configuration cg.

In order to prevent torquing of the ioacl cells, the jack pads were

indexed. This was accomplished by EO's 201986, 248641, 30969Z,

and 337041.

H14-074-101 Spacecraft Sling

This is a multiple-use sling for erection of the LES on the CM and for

stacking the CM with the service module.

The sling was improved by the addition of a counterweight, for better

balance, to the G15-818053 ring. This facilitates installation of the
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sling when the LES is in the upright position. The change was

accomplished by EO 248610.

H14-090-301 Recovery Area Access Stand

This stand provides access to the recovery area of the CM while it

rests on its support base, support base and dolly, vertical alignment

fixture, or ground adapter.

The utility of this work stand was enhanced by addition of a turnbuckle

to provide a mechanical advantage and rigidity during assembly. This

was accomplished by means of TPS ZZGSE31.

S14-091 Battery Conditioner

This unit provides circuitry for detusking the spacecraft batteries

prior to installation in the spacecraft. It also provides a dummy load

to calibrate battery charging unit S14-015.

A guard was incorporated to prevent interference of the filter screen

with the cooling fan. This change was accomplished by EO's Z01959,

Z01960, Z01985, and 309689.

GFP-C-176 Apollo Instrumentation Test Console

This unit supplies external power for the spacecraft during checkout
and also contains monitor and control circuits for checkout of the

spacecraft instrumentation subsystem.

Intercommunicat_,n equipment was installed in this unitto provide an

additional station in the barricaded structure. The change was

accomplished under EO's Z48640 and Z49353.

Equipment Modified at WSMRFrom BP-23 Confi_Meet BP-ZZ

Requirements

C14-00Z-0002 Baroswitch Test Unit

This unit is used to simulate altitude changes in order to verify the

operation of the baroswitches in the earth landing subsystem sequencer.

Circuitry changes were necessary to make this unit compatible with

the BP-ZZ sequencers. Changes were accomplished by EOZl1445.

The C14-00Z was not scheduled for use on BP-2Z, unavailability of

C14-451 and C14-45Z made its use necessary.

7.16-Z
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C14-019 Test Conductor's Console

The function of this unit is to centralize the monitoring and control of

the spacecraft system functions during test and launch operations via

the umbilical cables.

The addition of a tape-run voltage monitor circuit was accomplished

by EO Z11452.

C14-029-I01 Launch Escap_Subsystem BME

This unit is used for tests at the subsystems level on LES sequencers

prior to installation of the sequencers in the spacecraft.

This unit was modified to make it compatible with the BP-ZZ mission

sequencer. The modifications were accomplished by TPS ZZGSE68.

C14-051-I01 Pyrotechnic BME

This equipment is designed to perform continuity tests, interfacing

with the spacecraft cables and the hot-wire initiators prior to

installation in the spacecraft.

Additional pyro shorting plugs were added to provide positive ground-

ing of pyros during resistance checks. This was accomplished by

EO's 201980, 201931, 201982, and 201983.

C14-108-51 Electrical Cable Set

This set of cables is used to connect the spacecraft and associated

GSE electrically for subsystem tests and launch operations.

The C14-I08 cable set was modified, by the addition of several cables,

to the -51 configuration for BP-ZZ. Three new cables were fabricated

to replace three which were 80 feet too short. Cable W5180 was

created by cutting excess length from cable W5559. Changes were

accomplished by EO's 249399 and Z49400.

C14-136 Umbilical Junction Box

This junction box is located on the launcher and is used to connect

Apollo GSE cabling to the LJ-II umbilical and the service module

umbilical.

The C14-136 junction box was updated to the BP._Z configuratio n per

modification-kit drawing G16-880010 prepared by GSE Engineering.

7.16-3
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C14-172 Pad Junction Box

This unit is used to interconnect cabling from the barricaded structure

and carry-on equipment cabling from the CM.

The C14-17Z junction box was updated to the BP-ZZ configuration per

modification-kit drawing G16.880011 prepared by GSE Engineering.

C14-457 Blockhouse Junction Box

This unit is used to interconnect cabling from the barricaded structure

to the C14-019 test conductor's console.

This junction box was modified per modification-kit drawing

GI6-88001Z in order to make it compatible with the C14-019

modifications.

Equipment Not Used, for the Reasons Given

H14-147 Service Module Internal Work Platform

This platform is used to provide access to the equipment levels

inside the service module.

The platform interfered with the BP-ZZ camera supports and therefore

was unusable. Three new SM platforms were fabricated under

TPS ZZGSE7Z.

Special Test Equipment Designed and Fabricated at WSMR

TPS 22GSEI Launch Escape Motor Igniter Handling Fixture

This unit was fabricated for use during installation and removal of the

launch escape motor igniter.

TPS ZZGSE6 Breakout Box

This breakout box was required for vehicle interface checks in

conjunction with OCP-A-1099-LV-SC.

TPS ZZGSEI4 Pyrotechnic Batteries Checkout Unit

This unit was required for checkout of pyro batteries in conjunction

with OCP-A-1105-BP-ZZ.
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TPS ZZGSEZI Tape Recorder Checkout Unit

This unit was required for instrumentation checks of the onboard

tape recorders.

TPS ZZGSEZZ Tower Adjustment Area Access Stand

This work stand was required for use at the launch escape tower

adjustment level during alignment of the LES.

TPS 22GSE25 Tape Recorder Checkout Box

This box was required to support bench checkout of the flight tape
recorder s.

TPS ZZGSE34 Cables

These cables were required to support the C14-126 checkout of the

BP-ZZ ELS sequencer.

TPS ZZGSE46 Patchcords

These patchcords were necessary to enable the use of the C14-020

(Data Recording Group) analog recorders during subsystems testing.

TPS ZZGSE47 Test Cable

This test cable was required to check the pyro battery loads during
test.

TPS ZZGSE48 Jam-Nut Tool

This tool was required to loosen the jam nut on the O16-828018

disconnect set lockbolt assembly on the A14-136 Umbilical Disconnect
Set.

TPS 22GSE49 Tape Modulation Package Checkout Box

This unit was required for bench checks and monitoring of the tape

recorder modulation packages.

TPS 22GSE50 and TPS 2ZGSE59 Explosive Bolt Wrench

This wrench was required for the installation and removal of

explosive bolts.
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TPS ZZGSE53 and TPS ZZGSE54 Tape Recorder Power Test Cables

These cables were required for tape recorder bench tests.

TPS ZZGSEYZ SM Work Platforms

Three work platforms were fabricated to be used in lieu of the HI4-147,

which was unusable because of interference with camera supports.

TPS ZZGSE77 Thruster/Apex-Cover Alignment Rods

These rods were required to align and prevent damage to the thruster

subsystem during apex-cover installation.

TPS 22GSES0 Glass Sample Holder

This holder was utilized to facilitate comparisons between recovered

glass samples and control samples.

TPS ZZGSEIZ4 Pyrotechnics Bench Tester

This unit was required for checks of bridge-wire continuity and

resistance, initiator insulation resistance, and shorting-plug switch

operation.

Equipment Which Performed Satisfactorily Without Modification

A14-007 LES Optical Alignment Set

This set is used in aligning the thrust vector of the LES motor

relative to the gross center of gravity of the LEV.

AI4-010 Command Module Cover

This cover is used to protect the CM from environmental damage

during ;storage and shipping.

A14-018 LJ-IISubstitute Unit

This unit simulates the circuits and functions of the booster. Itis

used to provide abort signals to the sequencer during spacecraft

integrated checkout.

AI4-0Z0 Service Module Cover

This cover is used to protect the service module from environmental

damage during storage and shipping.
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Ai4-026-70i Cap and Plug Set

This set contains caps andplugs which are used to protect connectors

and plumbing from contamination and damage.

A14-036-301 Ground Air Circulating Unit

This unit supplies fresh ambient air to the interior of the CM.

A14-046 Auxiliary Crane Control (Hydroset)

This unit provides precise control {within 0. 001 inch) during stacking

and unstacking operations which require raising and lowering the

spacecraft and components.

A14-047 Box Level

This instrument is used to level the LES on the H14-016 weight and
balance fixture.

A14- 128 Parachute Subsystem Installation Kit

This kit is used to facilitate the installation of the main parachutes in

the CIV[ forward compartment.

A14-134 10-Ton Crane Control (Hydroset)

This unit provides a precise means of raising and lowering the

spacecraft and components during stacking, unstacking, and moving

operations.

AI4- 136 Umbilical Disconnect Set

This unit is used to connect GSE fluid and electrical lines and to

provide primary and secondary methods of disengagement.

A 14- 139- 101 Pyrotechnic Initiators Sub stitute Unit

This unit, which contains six subcircuits, is capable of electrically

substituting for six pyrotechnic hotwire initiators.
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A14-145 ECS Heat-Exchanger Protective Cover

This cover is used to protect the radiator core of the heat exchanger

and to prevent damage while other test are conducted in the same area.

A14-151 Forward Compartment Heat Shield Separation and Retention System

Installation Kit

This tool kit consists of seven special-purpose tools.

A14-154 D-C Digital Indicator

This device is used to read out the reaction loads during weight and

center-of-gravity measurements of the CM, the SM, and the LES.

A14-183 LES Canard Actuator Tool Set

This tool set consists of two special-purpose tools for assembling or

disassembling the actuator thruster cylinder and reservoir tube, and

disengaging the cylinder collet from the piston rod during manual

checkout operations.

C14-0Z0 Data Recording Group

This unit supplies the analog and event signal recorder capability

necessary to support subsystems tests of the ELS and LES sequencers.

C14-031 Tape Recorder Checkout Unit

This unit provides power to the tape recorder and monitors head

current in order to bench-check the onboard tape recorder prior
to installation in the CM.

C 14-032- 101 Antenna Checkout Group

This unit verifies proper operation of the antennas by checking VSWR,

attenuation, and insertion loss.

C14- 1 lZ C-Band Radar Checkout Unit

This unit verifies proper operation of the transponders by checking

power output, receiver sensitivity, bandwidth, frequency, pulse

jitter, crystal current, and interrogation.
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C14- 135 Signal Conditioner Console

This unit provides isolation and impedance matching for the spacecraft

functions that are monitored on the C14-019 test conductor's console,

C14-137 Q-ball Test Fixture

This fixture is used to facilitate Q-ball checkout operations during

test preparation and prelaunch activities•

C14-174 Telemetry Kit

This kit augments the GFP telemetry equipment and trailer furnished

by NASA.

C14-458 Static EMI Checkout Device

This device provides an indication of excess current induced into the

pyrotechnic subsystem initiator circuits during static EMI tests.

C14-461 EMI Test Breakout Box Set

This box set provides the test points that enable given circuits to be

monitored at specific points for electromagnetic interferences.

C14-480 Initiators Stimuli Unit

This unit controls the facility power and the reset voltage for the

A14-139. It serves as a junction box for A14-139 response signals,

and accepts commands and issues response signals for these
commands.

H14-011 Launch Escape Alignment Stand

This unit is used to support the LES during buildup and storage.

H14-016 LES Weight and Balance Fixture

This fixture provides a means of determining the center of gravity
of the vehicle.

H14-018 Escape Tower Support

This device is used to support the launch escape tower during

stacking operations.
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H14-021 GSE Handling Cart

This cart is used to hold and transport all tower mounting equipment

instrumentation as well as other equipment and tools too heavy to be

carried manually.

H14-029 Structural Skirt Sling

This sling is used to hoist and position the structural skirt to the

launch escape motor.

H14-040 Electronic Weighing Kit (3000-Pound Capacity)

This equipment is used to determine the weight and the center of

gravity of the spacecraft adapter and portions of the launch escape

subsystem.

H14-041 Electronic Weighing Kit (30,000-Pound Capacity)

This kit is used to determine the weight and the center of gravity

of the CM, the SM, the adapter, and the launch escape subsystem.

H14-042-101 SM and SC Adapter Hoist Beam

This is used to hoist, handle, rotate, transport, and position for

weight and balance the SM or SC adapter.

H14-043-101 Jettison Motor Sling

This sling is used to hoist the tower jettison motor during LES

bull dup.

H14-044 Parachute Handling Sling

This sling facilitates the handling of the main parachute while packed

inside its deployment bag.

H14-052 Narrow-Base Positioning Trailer

This unit provides support, mobility, and precisely controlled

positioning of support bases, modules, and components during

spacecraft module interface and rail transfer.
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H14-054 3ettison Motor Support

I
This unit is used to support and rotate the jettison motor during

assembly of the launch escape subsystem,

H14-055 Launch Escape Motor Support

This unit is designed to support the launch escape motor while the

tower and the jettison motor are assembled on it. The support is

capable of being rotated and moved longitudinally to match the

attachment holes of the mating assemblies.

H14-057-I01 Forward Compartment Heat Shield Sling

This sling is used to hoist and position the forward compartment
heat shield.

H14-083-I01 LES Transport Cradle

This unit is used to facilitate handling and transportation of the LES

to minimize distortion of the build-up components.

H14-084-I01 Roll-Over Adapter

This unit is used to move the combined launch escape subsystem

from a horizontal position to a vertical position for mating with
the CM.

H14-085-201 LES and LE Motor Horizontal Handling Sling

This sling reduces handling time in weight and balance operations

by facilitating alignment of the LES and launch escape motors with

different centers of gravity.

H14-086 Boilerplate Tubular Support-Base Assembly

This assembly supports the CM and heat shield during handling,

servicing, storage, and assembly.

H14-093 Boatswain's Chair

This chair is used to gain access to levels of the launch escape

subsystem above the height of the access stands.
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H14-094 Jettison-Motor, Pitch-Control-Motor, Nosecone Sling

!

This sling facilitates handling during assembly for weight and

balance operations prior to complete LES buildup.

H14-096 LES Ballast Pickup Hook

This hook is used to hoist and position the LES ballast plates for

installation on the LES ballast support frame.

H14-097 LES Buildup Access Stand

This stand is used to provide access over and around the L ES during

its horizontal alignment and during assembly of the tower jettison

motor and forward structure.

H14-099 Pitch Control Motor - LES Wrench

This wrench is used to tighten the nut that holds the pitch control

motor to the LES support structure.

H14-101 Access Platform (3 Feet to i0 Feet)

This adjustable platform is required for access to the service

module and command module in certain unmated configurations.

H14-145 Shipping Container Sling

This sling is used to remove the launch escape motor and tower

jettison motor shipping container covers.

H14-146 Boatswain Chair Trolley Carriage

This carriage supports personnel in the boatswain's chair and moves

the chair around in the SM.

H14-156 LE Tower Horizontal Handling Sling

This sling is used to hoist and handle the LE tower in a horizontal

position during shipping, receiving, and test preparation.

H14-161 LES Motor Propellant Grain Inspection Set

This set facilitates inspection, secures the LE motor in position,

and transmits thrust loads in case of accidental firing.
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H14-900i CM Test Vehicle Siing Set

This sling is used when it is necessary to lift the CM.

H14-9006-101 Weight and Balance Siing Set

This sling is used to hoist the CM and rotate it 90 degrees for CM

horizontal weight and balance operations.

H14-9015 Weight and Balance Jack Set

This set is used to hold the CM during weight and balance operations.

H14-9030-101 SM and Adapter Base Support

This unit supports the service module during stacking and transport

operations.

_I=-_u_6-101 Heat o_eldSling

This sling hoists and positions the heat shield into transporters and

fixtures during tests.

H14-9076-101 General-Purpose Dolly

This unit is used to support the CM while in storage or during

shipping.

H14-9077 SM Access Door Sling

This sling is used to hoist and position removable access panels on
the SM.

S14-015-101 Electrical Battery Charger

This unit is to charge the spacecraft batteries for test and flight.

S14-078 LES Rocket Motor Pressure Leak Test Cart

This cart is used during pressure leak checks on the launch escape

motor.

S14-090 Mobile Pressure Test Unit

This unit checks the pressure leak rate in the CM heat shield

separation system and regulates the applied pressure used to
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check out and calibrate the pressure transducers in the launch escape

motor and pitch control motor chambers.

GFP-A-015 Maintenance and Storage Trailer

This trailer is a general utility vehicle which provides facilities for

repair and maintenance of equipment and provides storage space

for tools and equipment.

GFP-A-028 Optical Alignment Set

This equipment is used to establish precise vertical planes within

an accuracy of 6 seconds of arc and leveling within an accuracy of
2 seconds of arc.

GFP-A-066 Telemetry Trailer No. 1

This trailer is used to receive and process telemetry data during

vehicle flight.

GFP-C-419 Instrumentation Tape Recorder - TM Trailer

This tape recorder is used to record telemetry data.

GFP-H-100 Access Platform (13 Feet to 20 Feet)

This unit is a variable-height platform used to gain access to the

vehicle in the ranges of 13 to 20 feet.

GFP-H-101 Access Platform (3 Feet to 10 Feet)

This unit is a variable-height platform used to gain access to the

vehicle in the range of 3 to 10 feet.

GFP-H-203 Command Module Transportation and Positioning Trailer

This trailer positions, transports, and transfers the CM to different

checkout stations.

Conclusions

The ground support equipment supplied for the BP-22 mission

performed its function satisfactorily after some minor modifications at the

test site. There were relatively few changes necessary in the field_ as the

BP-Z2 GSE requirements were not greatly different from those for BP-23.
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The unsatisfactory practice of mounting the C14-0Z0, the C14-112,

and the GFP-C-176 in the checkout trailer and then placing the trailer inside

the barricaded structure was discontinued after BP-Z3 was flight-tested.

This equipment was removed from the trailer and mounted inside the

barricaded structure, eliminating unnecessary cabling and providing better
access to the equipment.

The following items of GSE, all of which are scheduled for use with

Apollo spacecraft vehicles, are now considered to have demonstrated

suitability for their proposed usage.

A 14-007

A14-036-301

A 14-046

A14-047

A14-128

A14- 134

A14-151

A14,154

A14-183

C14-051-101

C14-137

C14-458

C14-480

H14-011

H14-016

H14-017

H14-018

H14-021

H14-029

H14-043-101

H14-044

HI4-05Z

H14-054

H14-055

H14-074

H14-083-I01

H14-084- I01

H 14-085-Z01

H14-093

H14-094

H14-096

LES Optical Alignment Set

Ground Air Circulating Unit

Auxiliary Crane Control
Box Level

Parachute System Installation Kit

10-Ton Auxiliary Crane Control

Forward Compartment Heat Shield

Separation and Retention System
Installation Kit

DC Digital Indicator

LES Canard Actuator, Tool Set

Pyrotechnic BME

Q-ball Test Fixture {Analyzer)
Static EMI Checkout Device

Initiators Stimuli Unit

LE Alignment Stand

LES Weight and Balance Fixture

Weight and Balance Fixture

Escape Tower Support

GSE Handling Cart

Structural Skirt Sling

Jettison Motor Sling

Parachute Handling Sling

Narrow-Base Positioning Trailer

Jettison Motor Support

LE Motor Support

Spacecraft Sling

LES Transport Cradle

Roll=Over Adapter

LES and LE Motor Horizontal Handling Sling
Boatswain Chair

Jettison-Motor, Pitch-Control=Motor, and

Nosecone Sling

LES Ballast Pickup Hook
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H14-097

H14-099

HI4-101

H14-145

H14-156

H14-161

H 14- 9_81",5S14-0

S14-091

GFP-A-0Z8

GFP-H- I00

GFP-H- 101

GFP-H-Z03

LES Build-Up Access Stand

LES Pitch Control Motor Wrench

Access Platform (3 Feet - i0 Feet)

Shipping Container Sling

Launch Escape Tower Horizontal Handling

Sling

LES Motor Propellant Grain Inspection Set

Weight and Balance ffack Set

LES Rocket Motors Pressure Leak Test

Cart

Battery Conditioner

Optical Alignment Set

Access Platform (13 Feet - 20 Feet)

Access Platform (3 Feet - I0 Feet)

CM Transportation and Positioning Trailer
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8. 0 SUMMARY OF MALFUNCTIONS AND DEVIATIONS

Abort of the launch escape vehicle occurred earlier than planned,

owing to breakup of the Little Joe II launch vehicle. A launch vehicle control

subsystem malfunction immediately after liftoff caused one elevon to go

hard over and remain there. The roll rate produced by this deflection

caused the launch vehicle to break up at T + 26.3 seconds, initiating auto-

matic abort of the launch escape vehicle. Consequently, the abort conditions

were radically different from those planned.

The rate of roll of the LEV produced spin-stabilization, overcoming

the effects of the canard. As _ result, the LEV remained in an apex-forward

flight condition, instead of pitching to an aft-heat- shield-forward attitude.

However, simulations of the flight show that the canard subsystem would
•,,,.re been '='_'_o"+_--o at r 11......... o.. rates on the _,_,,_,^_^-_.^__'^_,,,,_specHied in the

Emergency Detection Subsystem limits, which were greatly exceeded.

Because of the low altitude of the abort, five pressure transducer

measurements remained off-scale throughout the flight. These transducers

were .chosen with a limited range to increase their sensitivity at the critical

flight times at high altitude. Consequently, the absolute pressure sensed

by these transducers was never low enough to bring their readings on-scale.

The onboard cameras were programmed to be activated on a time-

from-liftoff basis to photograph the significant events of the flight. As a

consequence, the SM camera did not obtain any film, and the CM camera
did not obtain film at the critical time.

One reefing-line, cutter on each of the two reefing lines of one drogue

parachute failed to function. However, the redundant cutters on each

reefing line functioned properly, allowing normal disreefing of the para-

chute. The design of the cutters is being changed for future flights to

preclude repetition of this malfunction.
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9. 0 PREFLIGHT HISTORY

9. 1 DOWNEY OPERATIONS

The following are significant events which occurred during BP-ZZ

operations at Downey.

Date Event

December 17, 1964 Completed top-deck buildup for CM weight and

balance OCP-P-3027

December 18, 1964 Completed top deck DEI

January 12, 1965 Completed command module vertical weight

and balance, OCP-P-3036

January iB, 1965 Completed command module horizontal weight

and balance, OCP-P-3035

January 15, 1965 Completed stacking of SM in Navaho Tower,

OCP-P-3014

January 16, 1965 Completed thruster functional check,

OCP-P-2042

January 18, 1965 Completed mating of command module to

service module, OCP-P-3P-10

January 19, 1965 Completed mating of LES to command module,

OCP-P-3013

January 22, 1965 Started GSE functional verification,

OCP-P-9030

January 30, 1965 Completed OCP-P-9030

February 4, 1965 Started power-on checks, OCP-P-103Z

February 8, 1965 Completed bench checkout of LES sequencer,

OCP-P-1033

February 8, 1965 Completed power -on checks, OCP-P-103Z

February 8, 1965 Started OCP-P-8019 functional verification

of radar beacon
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Date

February 9, 1965

February 10, 1965

February 13, 1965

February 18, 1965

February 19, 1965

February 22, 1965

February 23, 1965

February 24, 1965

February Z6, 1965

February Z7, 1965

March 5, 1965

March 9, 1965

Event

Completed OCP-P-8019

Started antenna checkout, OCP-P-8077

Started instrumentation checkout,

OCP-P-8169

Completed baroswitch checkout,

OCP-P-I I01

Completed umbilical disconnect checks,

OCP-P-9Z39

Completed instrum entation che cks,

OCP-P-8169

Started integrated systems checkout,

OCP-P-0008

Replaced two ELS sequencers damaged in run

of OCP-P-0008

Started pyro system environmental interference

test, OCP-P- 1114

Completed OCP-P- 1114

Completed integrated systems test,

OCP-P-0008

Prepared vehicle and GSE for shipment to

WSMR

9.2 WSMR OPERATIONS

The following are significant events which occurred during BP-ZZ

operations at WSMR Launch Complex 36.

1965

Date

March II,

March 11, 1965

Event

Completed installation and checkout of facility

wiring

Completed LES grain inspection

9-Z
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Date

March 15, 1965

March 16, 1965

March 18, 1965

March 19, 1965

March 19, 1965

March ZZ, 1965

MarchZ4, 1965

March Z5, 1965

March 25, 1965

March Z9, 1965

March Z9, 1965

March 30, 1965

March 31, 1965

March 31, 1965

April 1, 1965

April 1, 1965

April 1, 1965

April 3, 1965

April 5, 1965

Event

Received parachutes

Received service module at Vehicle Assembly

Building

Received command module at VAB

Received final shipment of GSE at VAB

Started LES buildup

Started top=deck buildup

Completed LE tower weight and balance

Completed MCR's 894 and 951

Completed assembly and leveling of the

H14-016 LES weight and balance fixture,

OCP-A-3037

Completed LES buildup, OCP-A-Z013

Completed LES horizontal weight and balance,

OCP-A-3038

Completed top-deck buildup, OCP-A-3027

Mated service module to LJ-II, OCP-A-3023

Completed command module horizontal weight

and balance, OCP-A-3035

Removed canard thruster for repair

Removed parachutes because of possibly

defective reefing cutters

Completed facility checkout, OCP-A-9030

Installed repaired canard thruster

Completed installation of replacement

parachutes
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Date

April 6, 1965

April 8, 1965

April 15, 1965

April 16, 1965

April Z4, 1965

May 5, 1965

May 7, 1965

May 8, 1965

May 9, 1965

May 11, 1965

May 14, 1965

May 16, 1965

May 17, 1965

May 18, 1965

May 19, 1965

Event

Completed command module vertical weight

and balance, OCP-A-3036

Completed LES thrust vector alignment,

OCP-A-3039

Moved CIV[ to pad and stacked, OCP-A-30Z4

Moved LES to pad and stacked, OCP-A-3015

Completed combined systems test,

OCP-A-0100

Completed LJ-II interface checkout,

OCP-A- I099

Completed simulated countdown,

OCP-A-0010

Replaced thruster cartridges with modified

body cartridges

Remated LES and verified thrust vector

al i gnm e nt

Made sequencer run to verify systems

operation

Conducted Flight Readiness Review at PSDF

auditorium

Completed battery activation

Completed precountdown, OCP-A-0010

Started final countdown, OCP-A-0010

Completed final countdown, OCP-A-0010, with

launch at 06:01 IV[ST
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10. 0 PROGRAM SUMMARY

Spacecraft No.
and

Flight Date Configuration

Command module with

prototype launch

escape subsystem.

Boilerplate 6

November 7, 1963
Mission PA-1

Boilerplate 1 2

May 13, 1964
Mission A-001

Boilerplate 13

May 28, 1964

Mission A-101

Command module,

service module, and

prototype launch

escape subsystem.
Little Joe II launch

vehicle.

Command module,

service module,

insert, and adapter;

prototype launch

escape subsystem.

Mis sion

and

Performance

Pad abort test. This mission

suc ce s sfully demonstrated

the capability of the proto-

type launch escape and earth

landing subsystems to per-
form their intended functions

during a pad abort. The

actual trajectory was within

the pad abort envelope and

all trajectory parameters

followed the predicted

trends. All primary objec-

tives were accomplished.

All subsystems functioned

satisfactorily.

Transonic abort test. This

mission successfully demon-

strated the capability of the

launch escape and earth land-

ing subsystems during an

abort in the transonic region.

The loss of one main para-

chute provided a bonus test

condition by proving the

capability of the earth

landing subsystem to lower
the command module to a

noncata strophic landing

on only two parachutes.

To determine launch and

exit parameter s and to
demonstrate the normal

mode of launch escape sub-

system jettison. This was
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Spacecraft No.
and

Flight Date

Boilerplate 13

(Cont)

Boilerplate 15

September 18,
Mission A-10Z

196.4

Boilerplate Z3
December 8, 1964

Mission A- 00Z

Configuration

Saturn I launch

vehicle (SA- 6).

Command module,

service module,

insert, adapter; pro-

totype launch escape

subsystem. Saturn I

launch vehicle (SA- 7).

Command module,

service module, and

prototype launch

escape subsystem
with canard. Little

Joe II launch vehicle

with attitude control

sub system.

Mission

and

Performance

the first orbital spacecraft

(nonrecoverable) and the

first to be launched by a
Saturn launch vehicle. The

objectives were accom-

plished. All subsystems

functioned satisfactor ily.

To determine launch and

exit parameters and to
demonstrate the alternate

mode of launch escape sub-

system jettison by use of

the launch escape and pitch

control motors. This was

the second orbital space-

craft (nonrecoverable). The

objectives were accom-

plished. All subsystems

functioned satisfactorily.

High-dynamic-pre s sure
abort test. This mission

successfully demonstrated

the capability of the launch

escape and earth landing

subsystems to perform their

design functions during an

abort at dynamic pressures

higher than will be encoun-

tered on Saturn flights. Dual

drogue parachutes, canard,

and boost protective cover
were tested for the first

time. All subsystems func-

tioned satisfactorily. Test

objectives were accom-

plished with only two minor

discr epancie s.
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Spacecraft No.
and

Flight Date

Boilerplate 16

February 16, 1965
Mission A-103

Boilerplate ZZ

May 19, 1965

Mission A-003

C onfigur ati on

Command module,

service module, insert,

adapter; prototype

launch escape subsys-
tem. Saturn I launch

vehicle (SA-9) with

redesigned unpressur-

ized IU. Pegasus I

micrometeoroid

satellite.

Command module,

service module, and

prototype launch

e scape subsystem.

Little Joe II launch

vehicle.

Mission

and

Performance

Launch vehicle qualification

test and first Pegasus micro-

meteoroid experiment. LES

carried to provide correct

aerodynamic conditions. All

systems functioned satisfac-

torily. Pegasus satellite was

placed in planned orbit.

High=altitude abort test. The

IHigh- altitude aspect of the

mission was not accomplished.

The launch escape vehicle

successfully aborted from a

catastrophic launch vehicle
failure at low altitude. All

systems functioned

satisfactorily.
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